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2 curriculum 


Electric Charges 
and Fields 


Recap Notes 


Charge : Electric charge is an intrinsic 

property of elementary particles of matter 

which gives rise to electric force between 
various objects. 

» Quantization : Charge is always in the 
form of an integral multiple of electronic 
charge and never its fraction. 

9 = +пе 

where n із an integer and e = 1.6 х 10? C. 
Millikan's oil drop experiment showed the 
discrete nature of charge. Charge cannot 
be fractional multiple of e. 
Conservation of charge : Net charge 
of an isolated physical system always 
remains constant. Charge can neither 
be created nor destroyed. It can be 
transferred from one body to another. 
Electric charge is additive, i.e., total charge 
is the algebraic sum of the individual 
charges. 

Electric charge is invariant as it does not 
depend upon the motion of the charged 
body or the observer. 


Coulomb's inverse square law : It states 
that the electrostatic force of attraction or 
repulsion acting between two stationary 
point charges is given by 


Lol 4 
ANE, r? 
where F denotes the force between two charges 
qı and ga separated by a distance r in free 
space. є is a constant known as permittivity 
of free space. Free space is vacuum and may 
be taken to be air practically. 
1 9 о N m? 
—— 29x10 
Anto c? 


If free space is replaced by a medium, then 
£g is replaced Бу (=) or (єє) where K is 
known as dielectric constant or relative 
permittivity. 
pol 54. 1 44 ! 42 

Яле p AK p o Ang, г 


£ 
К= Ё ore = ё 


Eo Eo 
K = 1 for vacuum (or air) and K = æ for 
conductor/metal. 
£9 =8.85x 10 C^ N^! m? and its dimensional 
formula is [M-'L?T*A7]. 
Vector form of the law (q, and q, are like 


Electrostatic force due to continuous 
charge distribution 

The region in which charges are closely 
spaced is said to have continuous distribution 
of charge. It is of three types : 

» Linear charge distribution 


e =A 
Net force on charge 90› F Te - 


Surface charge distribution 
(A 


dq = с45 + 
where, o = surface charge density 
Net force on charge qo. F е2. 


Volume charge distribution 


ад =pdV 
where, p = volume charge density 


Net force on charge gg, F= 


Electric field intensity : The electric field 
intensity at any point due to source charge 
is defined as the force experienced per unit 
positive test charge placed at that point 
without disturbing the source charge. It is 
expressed as 


E= lim £ 
4,39 dg 
Неге, д0 — 0, i.e., the test charge д must 
be small, so that it does not produce its own 
electric field. 
SI unit of electric field intensity (E) is N/C 
and it is a vector quantity. 
» Electric field intensity due to a point 
charge 
Electric field intensity at P is, 


E-——. 
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If q > 0, i.e., positive charge, then E ; 
directed away from source charge. On i 
other hand if q < 0, i.e., negative irs, 
then E is directed towards th А 
ЖЕ, е source cha e. 


E=- 


r 
Electric field due to a system of ch 
or superposition principle 


ЕЁ= Ё, +Ё,+Е,+ 


arges 


A system of charges 


» The electric field lines due to positive and 


negative charges and their combinations 
are: 


(у) 


Flectric Charges and Fields 


(i) Electric dipole moment, Р=241. 
(ii) Dipole moment is a vector quantity and 


is directed from negative to positive 
charge. 


(iii) Unit of dipole moment is coulomb metre 


(C m). 


(iv) Dimension of dipole moment - [ATL] 


» 


Electric dipole in a 
uniform electric field 


» 


Intensity of electric field due to a 
dipole 
- Along axis at distance r from centre of 


Direction of E is along the direction of 
dipole moment. 
- Along equator of dipole 


Direction of E 
is antiparallel to 
direction of p. 
- At any point along 
direction 0 
E= 1 Р /ү+зсоз' Ө 
ATE г? 
The direction of E makes an angle f) 
with the line joining the point with 
centre of dipole where tan B = > tan Ө. 


D ы 
The resultant electric an 
force on dipole ut 3 
=qE-qE=0 
Two forces [gE and (- qE)] equal and 
opposite, separated by a distance 
constitute a couple (torque). 
Torque on a dipole £i Р 
= pE sin Ө numerically. 
Vectorially, 
Torque (1) = pxE 
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The direction of t is perpendicular to the 
plane containing p and E. 
The torque tends to align the dipole in the 
direction of field. 
Torque is maximum when Ө = 90? ie., 
dipole is perpendicular to E. 
-. Maximum torque = pE. 
When Ө = 0° or 180° then rmin = 0. 
When dipole is parallel to electric field, 
it is in stable equilibrium. When it is 
antiparallel to electric field, it is in 
unstable equilibrium. 

Gauss's law : For a closed 

surface enclosing a net 

charge q, the net electric 5 

flux ó emerging 


outisgiven by o=£-d5= 
5 


» Ifa dipole is enclosed by a closed surface, 
flux ó is equal to zero. 
Here the algebraic sum of charges 
(+9 – 9 = 0)1з zero. 
Flux from a cube 
(i) If q is at the centre of cube, total flux 
(9) = 4- 
£o 
4 


(ii) From each face of cube, flux = Fen 


Electric field due to a thin, infinitely long 
straight wire of uniform linear charge 
density A, 

E- ms » where r is the perpendicular 
distance of the observation point from the 
wire. 

Electric field due to a thin non conducting 
infinite sheet of charge with uniform 


surface charge density o is E= 2. 
28, 


Electric field between two infinite thin 
plane parallel sheets of uniform surface 
charge density o and - o is E = б/ ү. 


Electric dipole : Two equal and opposite 

charges (q) each, separated by a small 

1 distance (21) constitute an electric dipole. 

The magnitude of the electric field at a Many of the atoms/molecules are dipoles. 


point P is given by 


Practice Time D) 


2) Multiple Choice Questions (MCQs) 


of water. Find the 


tains 250 8 
1. Acup con present in the cup of 


number of positive charges 
ter. 

a 134 x 10°C (b) 1.34x107C 
(с) 2.43 х 1019 С (d) 2.43 х 107 C 

2. The number of electrons present in —1 C of 
charge is 
(a) 6x 10% (b) L6 x 107? 
(c) 6x 10% (d) 1.6 x 1015 


3. Consider the charges 9 9 and -q placed at 
the vertices of an equilateral triangle of each 
side I. The force on each charge is 

pet Ae 
(a) F- ry, 

уер Т 
(с) Р= Taf 
4. Which of the following statements is not 
true about electric field lines? 
(a) Electric field lines start from positive charge 
and end at negative charge. 

(b) Two electric field lines can never cross each 


other. 
(c) Electrostatic field lines do not form any 


closed loops. 
(d) Electric field lines cannot be taken as 
continuous curve. 


5. The electric field at a point is 

(a) always continuous 

(b) continuous if there is no charge at that point 

(c) discontinuous if there is a charge at that 
point 

(d) both (b) and (c) are correct. 

6. The electric flux through the surface 


j & й E) 


“() 7 ex) 


(a) in figure (IV) is largest 

(b) in figure (III) is the least 

(c) in figure (II) is same as in figure (ЦІ А 
smaller than figure (ГУ) ) but is 

(d) is the same for all figures. 


7. Which of the following state 

De ee ments about 

(a) The dimensions of dipole moment is [LTA] 

(b) The unit of dipole moment is cm. | 

(с) Dipole moment is vector quantity and 
directed from negative to positive charge. 

(d) Dipole moment is a vector quantity has 
magnitude (charge) q x (separation between 
charge) a. 


8. The SI unit of electric flux is 

(a) NC} m? (b NC m? 

(c) NC? m? (d) N C?! m? 

9. The electrostatic force on a small sphere 
of charge 0.2 nC due to another small sphere 
of charge —0.4 pC in air is 0.4 N. The distance 
between the two spheres is 

(a) 4.2 x 109 m (b) 4.2x 10? m 

(с) 1.8 x 10? m (d) 1.8x 10 m 


10. A thin disc of radius b= 2a has a concentric 
hole of radius ain it (see figure). It carries uniform 
surface charge с on it. If the electric field on its 
axis at height h (h< < a) from its centre is given 
as Ch then value of Cis 


11. The force between two small charged spheres 
having charges of 1 x 1077 C and 2 x 1077 C 
placed 20 cm apart in air is 


Electric Charges and Fields 


(a) 45x 10-2 N (b) 45» 10? N 
(с) 5.4 х 10-2 № (d) 54102 N 


12. An electric dipole with dipole moment 

2 x 107? cm ia aligned at 20 with the direction 

of a uniform electric field of magnitude 

4 10^N С-!. The magnitude of the torque acting 

on the dipole is 

(a) 2х 10^N m (b) 2x10 *N m 

(c) 4x 10 ^N m (d) 4х 105 N m 

13. A charge 10 pC is placed at the centre of a 

hemisphere of radius H = 10 cm as shown. The 

electric flux through the hemisphere (in MKS 

units) is 

(a) 20 x 10° 

(b) 10 x 105 

(с) 6 x 10° 

(d) 2 x 10 

14. A point charge +9, is placed at a distance d 

from an isolated conducting plane. The field at 

a point P on the other side of the plane is 

(a) directed perpendicular to the plane and away 
from the plane 

(b) directed perpendicular to the plane but 
towards the plane 

(c) directed radially away from the point charge 

(d) directed radially towards the point charge. 

15. If there were only one type of charge in the 

universe, then 

(a) $ Zas #0 on any surface 


Jone. 


(b) ф Eds =0 if the charge is outside the surface 


§ Eas=t 


о 
inside the surface 


(d) both (b) and (c) are correct. 


16. What will happen when we rub a glass rod 

with silk cloth? 

(a) Some of the electrons from the glass rod are 
transferred to the silk cloth. 

(b) The glass rod gets positively charged and 
silk cloth gets negatively charged. 

(c) New charge is created in the process of 
rubbing. 

(d) both (a) and (b) are correct. 

17. Three charges 1 pC, 1 pC and 2 uC are kept 

at vertices of A, Band Cof an equilateral triangle 

ABC of side 10 cm respectively. The resultant 

force on the charge at Cis 

(а) 0.9N (b)L8N (c 2.72N (d) 3.12N 
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18. Consider a region inside which there are 
various types of charzes but the total charge is 
zero. At pointa outside the region 

fa) the electric field is necessarily zero 

(Б) the electric field is due to the dipole moment 
of the charge distribution only 

(e) the dominant electric field is inversely 
proportional to ?, for large r (distance from 
origin) 

(dj the work done to move a charged particle 
along a closed path. away from the region 
will not be zero. 

19. An electron initially at rest falls a distance 

of 1.5 cm in a uniform electric field of magnitude 

2 » 10* N/C. The time taken by the electron to 

fall this distance is 

(а) 1.3 х 102 s 

(c) 1.6 х 10719 з 


20. If f Eds=0 over a surface, then 
the electric field inside the surface and on 
it is zero 
the electric field inside the surface is 
necessarily uniform 
all charges must necessarily be outside the 
surface 
all of these. 


The electric field in a region is given by 


(b) 21x10 %s5 
(dj 29 х 109 з 


x 


The SI units of A, 8 and C are, respectively 


NC 


m 

22. An electric dipole with dipole moment 
1x 10719 cm is aligned at 30° with the direction 
of a uniform electric field of magnitude 
3 x 10* N С-!. The magnitude of the torque 
acting on the dipole is 

(а) 7x10° Nm (b 2x10°Nm 

(с) 6x10°Nm (d 3x10? Nm 


23. If Ё. and Ёл, represents electric field at a 


point on the axial and equatorial line of a dipole. 
If points are at a distance r from the centre of 
the dipole, for r>> a 


(а) E, = E, Ф) By, --E, 


(с) V/m?,V/m, 


(9) E,-2E, 


(с) E,--2É, 


6 
bbed with wool ia found 
24, Apolythene d LS." C. The 


a à negative € 
Van of electrona transferred (о polythene 


from wool ія 2 
(a) 3.75 x 10! 
(c) 9.6 x 10" 


(b) 9.6 x 1019 
(d) 3,75 x 1012 


у tric field components in tho given 
DE ax, E, = E, = 0 in which 
воо N C^! m“, The charge within the cube 

in if net flux through the cube їн 1,05 N mc"! 


(assume 4 е 0,] m) 
y 


t 
(а) 8.30 x 1071? C (b 9.27 x 10? C 
(с) 697 x 10-12 C (d) 6.97 x 1012 C 


26. The dipole moment of a dipole in a uniform 
external field Ё is P. Then the torque 1 acting 
on the dipole is 

(a) t=PxE (b) t=P-E 

(c) 12 2(P 4 Ё) (d) t=(P+ Ё) 

27. The tota] flux through the faces of the cube 


with side of length ‘a’ if a charge q is placed at 
corner A of the cube is 


A 
E бы d) 2 
(c) зе, (4) "à 
28. Which of the following figures correctly 
shows the top view sketch of the electric field 
lines for a uniformly charged hollow cylinder as 
shown is figure? 
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(c) O (d) .. ed 


29. The number of electrons that must he 
removed from an oleetrically noutral silver dollar 
to give it a charge of 4 2.4 C In 

(n) 2.5 x 10! (b) 1,5 » 10!" 

(е) 1.5 x 1071? (d) 2.5 « 10-1? 


30, Two large, thin metal plates are parallel 
and clono to each othor, On thoir innor facen, the 
plates have surface charge donsitios of opponito 
signs and of magnitudo 16 x 10222 (1 m, "Tho 
electric field betwoen the plates Їн 

(a) 1.8 x 10-9 N CC! (b) 1.9 x 10719 N (у! 
(с) L6x1079 N C. (d) L6 х 1071? N œ 


31. The force per unit charge is known ay 
(a) electric flux (b) electric field 
(c) electric potential (d) electric current, 


32. Object may acquire an excess or deficiency 
of charge by 

(a) electric force (b) heating 

(c) shaking (d) by rubbing. 

33. Electric field lines provide information about 
(a) field strength (b) direction 

(c) nature of charge (4) all of these. 

34. Four point charges are placed at the corners 
of a square ABCD of side 10 cm, as shown in 
figure. The force on a charge of 1 pC placed at 


the centre of square is 
D -44C Cc 


B 
4 3hC -4рС 


(а) 7N (b) 8N (c) 2N 


35. Two infinite plane parallel sheets, separated 
by a distance d have equal and opposite uniform 
charge densities c. Electric field at a point 
between the sheets is 
(а) © ъ © 

26, Е, 
(с) zero 
(9) depends on the location of the point. 


36. Two insulated charged metallic spheres P 
and Qhave their centres separated by a distance 


(d) zero 
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of 60 ст, The radii of P and О are negligible 
compared to the distance of separation, The 
mutual force of electrostatic repulsion if the 
charge on each ia 4,2 7 10 7 (* ja 

(n) 5,2» 10 ^N (b) 257/10? N 

(e) Lb 10 4 N (d) 45710 4 N 


37, Three charges of equal magnitude qis placed 
nt the vertices of an equilateral triangle of side 
1, The forco on à charge О placed at the centroid 
of the triangle ів 

(n) y Ў (d) zero 
38. Two large thin metal plates are parallel 
and close to each other. On their inner faces, 
the plates have surface charge densities of 
opposite signs and magnitude 27 « 10 7? C m ?, 
'The electric field £ in region II ín between the 


plates is 
Я I Я Ш 


(а) 4.25 х 105 N C (b) 6.28 х 10-19 N C! 
(с) 3.05 х 10-19 N C"! (d) 5.03 х 10-19 N C! 


39, The tracks of three charged particles іп а 
uniform electrostatic field as shown in the figure. 
Which particle has the highest charge to mass 
ratio ? 


eA 
ев 


= - = ec x 
(a) A (b) B (c) C (d) AandB 


40. Which of the following statement is true 

about electrical forces? 

(a) Electrical forces are produced by electrical 
charges. 

(b) Like charges attract, unlike charges repel. 

(c) Electric forces are weaker than gravitational 
forces. 

(d) Positive and negative charges can combine 
to produce a third type of charge. 


41, The dimensional formula of electric intensity 
is 

(a) [MILIT3A-1] 
(с) [M!L!'T3A-!] 


(b) [ML-!T3A!] 
(d) [MIL2TIAI 
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42, A point charge +20) pC is at a distance 
fem directly above the centre of a square of aide 
12 em as shown in figure, The magnitude of 
electric flux through the square is 


| 


— |2ст-=>» 


(a) 255 4 10* N m? C^ thy 2.8 4 IPN m? C! 
(c) 427 10* М m^ C! (d) 29410 М m* C! 


43. Which of the following curves shown here 
cannot possibly represent electrostatic field 
lines? 


44. The unit of electric dipole moment is 
(a) Newton (b) Coulomb 
(c) Farad (d) Debye. 


45. Ап electric dipole is placed at an angle of 30° 
with an electric field of intensity 2 x 10? N С-!. It 
experiences a torque equal to 4 N m. The charge 
on the dipole if the dipole length is 2 cm is 

(a) 8mC (b) 4mC (се) 6mC (4) 2mC 


46. The constant k in Coulomb's law depends on 
(a) nature of medium (b) system of units 
(c) intensity of charge (d) both (a) and (b). 


47. A coin is made up of Al and weighs 0.75 g. 
It has a square shape and its diagonal measures 
17 mm. It is electrically neutral and contains 
equal amounts of positive and negative 
charges. The magnitude of these charges is 
(Atomic mass of Al = 26.98 g) 

(a) 3.47 x 10* C (b) 3.47 x 10?C 

(с) 1.67 x 107°C (d) 1.67 x 102 C 

48. Ifan object of mass 1 kg contains 4 x 10?? atoms. 
If one electron is removed from every atom of the 
solid, the charge gained by the solid in 1 g is 
(a) 2.8 С (b 6.4 x 102 C 

(с) 3.6 x 10°C (d) 9.2 x 10-* C 
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49. A force of 2.25 N acts on a charge of 15 x 104 C. 
The intensity of electric field at that point is 
(a) 150 N C7! (b 15NC 

(с) 1500N c (d) 1.5 N Cc 


50. Electrical as well as gravitational affects can 

be thought to be caused by fields. Which of the 

following is true of an electrical or gravitational 

field ? 

(a) The field concept is often used to describe 
contact forces. 

(b) Gravitational or electric field does not 
always exist in the space around an object. 

(c) Fields are useful for understanding forces 
acting through a distance. 

(d) There is no way to verify the existence of a 
force field since it is just a concept. 


51. Coulomb' law relates two charges and distance 

between them describing the electric force as being 

(a) proportional to the sum of the charges 

(b) inversely proportional to the distance between 
charges 

(c) proportional to the product of the charges 
and inversely proportional to the distance 

(d) proportional to the product of the charges 
and inversely proportional to the square of 
distance. 


52. When a person combs his hair, static electricity 

is sometimes generated by what process? 

(a) Contact between the comb and hair results 
is charge. 

(b) Friction between the comb and hair result 
is the transfer of electrons. 

(c) Deduction between the comb and hair. 

(d) Induction between the comb and hair. 


53. The acceleration for electron and proton 
due to electrical force of their mutual attraction 
when they are 1 A apart is 

(а) 3.1 x 1022 m s-2 1.3 x 10!9 m 8-2 

(b) 3.3 x 1015 m s-2 3.2 x 1016 m 8-2 

(c) 2.5 x 10? m s-2 1.3 x 1019 m 5-2 

(d) 2.5 x 1015 m s72, 1,3 x 1016 рв? 


54. A dipole of electric di i 

: i pole moment pis placed 

ш a uniform electric field of Praag E. in P 
e angle between positive directions of pand E, 


then the potential ene ic di 
шаи rgy of the electric dipole 


n 
(a) 7 (b) 5 ix 


35. Which of the following figure represents 


the electric field |; У 
charge? ield lines due to а single negative 


(d) zero 
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(b) —(- )4 一 


一 -一 
(c) (d —Q-— 


一 一 一 
——> 


56. Which of the following statements is not 


true about Gauss’s law? 
(a) Gauss's law is true for any closed surface, 


(b) The term q on the right side of Gauss's law 
includes the sum of all charges enclosed by 


the surface. 

(c) Gauss's law is not much useful in calculat- 
ing electrostatic field when the system has 
some symmetry. 

(d) Gauss's law is based on the inverse square 
dependence on distance contained in the 
coulomb's law. 


57. Aparticle of mass m and charge -qenters the 
region between the two charged plates initially 
moving along x-axis with speed v, as shown is 
figure. The length of plate is L and a uniform 
electric field Eis maintained between the plates. 
The vertical deflection of the particle at the far 
edge of the plate is 


«4———— | —— > 


EL 
(b) 2% 
) 2mv, (c) gEL 


qEL 
58. Electric flux emanating through a sur- 
face element 4$ = 5? placed in an electric field 


E=4i+4j+4k is 


2mv? (d) 2mv, 


(a) 10 units (b) 20 units 

(c) 4 units (d) 16 units 

59. A non-uniform electric field is represented 
by the diagram. At which of the following points 
the electric field is greatest in magnitude? 


(a) A (b) B (c) C (d) D 


Electric Charges and Fields 
60. Two charges д and —3q are placed fixed on 


x-axis separated by distance d. Where should a 
third charge 2q be placed such that it will not 


experience any force? 


2) Case Based MCQs 


Case I: Read the passage given below and answer 
the following questions from 61 to 65. 
Quantization of Electric Charge 

Smallest charge that can exist in nature is the 
charge of an electron. During friction it is only the 
transfer of electrons which makes the body charged. 
Hence net charge on any body is an integral multiple 
of charge of an electron [1.6 x 10719 C] ie, 


©) Е КР, i 


where n= 1, 2, 3, 4, .... 
Hence no body can have a charge represented as 


1.1e, 2.7e, —e, etc. 
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Recently, it has been discovered that elementary 
particles such as protons or neutrons are composed 
of more elemental units called quarks. 

61. Which of the following properties is not 
satisfied by an electric charge? 

(a) Total charge conservation. 

(b) Quantization of charge. 

(c) Two types of charge. 

(d) Circular line of force. 


62. Which one of the following charges is possible? 
(а) 5.8 х 10718 C (b 3.2 х 10-18 С 
(с) 4.5x 10°C (d 8.6 х10-9 С 


63. Ifa charge оп a body is 1 nC, then how many 
electrons are present on the body ? 

(a) 6.25 x 10?! (b) L6 x 10" 

(c) 6.25 x 1075 (d) 6.25 x 10? 


64, If a body gives out 10? electrons every 
second, how much time is required to get a total 
charge of 1 C from it? 

(a) 190.19 years (b) 150.12 years 

(c) 198.19 years (d) 188.21 years 

65. A polythene piece rubbed with wool is 
found to have a negative charge of 3.2 x 1070. 
Calculate the number of electrons transferred. 
(a) 2x 10! (b) Зх 10" 

(c) 2x 10H (d) 3x 10 


q -3q 
A d ———— ——»B 


4-434 + е 
4-334 уу Bd ( 41344 (48-3 


fa) EX Lud 
2 2 2 2 


Case II : Read the passage given below and 
answer the following questions from 66 to 70. 

Motion of Charged Particle in Uniform Electric Field 

When a charged particle is placed in an electric 
field, it experiences an electrical force. If this 
is the only force on the particle, it must be the 
net force. The net force will cause the particle to 
accelerate according to Newton's second law. So 


E, -qE- mà 


If E is uniform, then à is constant and 
а = qE/m. If the particle has a positive charge, its 
acceleration is in the direction of the field. If the 
particle has a negative charge, its acceleration 
is in the direction opposite to the electric field. 
Since the acceleration is constant, the kinematic 
equations can be used. 

66. Anelectron of mass m, charge e falls through 
a distance h metre in a uniform electric field E. 
Then time of fall, 


2hm 


(a) t= 
eE 


2e8 

hm 

67. An electron moving with a constant velocity 
valong X-axis enters a uniform electric field 
applied along Y-axis, Then the electron moves 
(a) with uniform acceleration along Y-axis 

(b) without any acceleration along Y-axis 

(c) in a trajectory represented as y= ac 

(d) in a trajectory represented as y= ax. 

68, Two equal and opposite charges of masses 
m, and m, are accelerated in an uniform electric 
field through the same distance. What is the 


(с) t= 


10 
ratio of their accelerations if their ratio of 


masses ів 11.05? 
т, 


2 62 () 3 «05 
в, a 

й a 

A e.g (D - el 
(с) a = 4; 
69, A particle of mass m carrying charge 9 is 
kept at reat in a uniform electric field E and 
then released, The kinetic energy gained by the 
particle, when it moves through a distance y is 


ia) ; by) мшу te) c? (Ф Еу 
70. A charged particle is free to move in an 


electric field, It will travel 

(а) always along a line of force 

(b) alonga line of force, ifits initial velocity is zero 

(с) along a line of force, if it has some initial 
velocity in the direction of an acute angle 
with the line of force 

(d) none of these, 

Case Шо: Read the passage given below and 

answer the following questions from 71 to 75, 


Millikan's Oll-drop Experiment 

In 1909, Robert Millikan was the first to find 
the charge of an electron in his now-famous 
gil-drop experiment, In. that experiment, tiny 
oil drops were sprayed into a uniform electric 
field between a horizontal pair of oppositely 
charged plates, The drops were observed with 
а magnifying eyepiece, and the electric field 
Was adjusted so that the upward force on some 
negatively charged oi drops was just sufficient 
to balance the downward force of gravity, That 
ix, when suspended, upward force QE just equaled 
My. Milikan accurately measured the charges on 
many oil drops and found the values to be whole 
number multiples of 1,6 x 10°! C the charge of 
the electron, For this, he won the Nobel prize, 


(а) 


Anoor 


JT 
* 


TV. Ia drop of masa 1,08 i 

| A8 x qoM i 
Stationary in an electric field of 1,68 ton C, 
then the charge of thia drop ia me 
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(a) 640 x 10 C (b) 3.2x 1071? @ 
(c) 16x10: C (d) 4.8x 1071? 0 


72. Extra electrons on this particular oil drop 
(given the presently known charge of tho 


electron) are 
(a) 4 (b) 3 (с) Б (4) 8 


73. A negatively charged oil drop is preventod 
from falling under gravity by applying a vertical 
electric field 100 V ml, If the mass of tho drop 
is 1.6 x 10 g, the number of electrons carried 
by the drop is (9 = 10 m 873) 

(а) 1018 (0) 1019 (е) 1018 (q) 10% 


74. The important conclusion given by Millikan’s 
experiment about the charge is 

(a) charge is never quantized 

(b) charge has no definite value 

(с) charge is quantized 

(d) charge on oil drop always increases, 


75. If in Millikan's oil drop experiment, charges 
on drops are found to be SiC, 124C, 204C, then 
quanta of charge is 
(a) 8С (0) 20uC (с) 12uC — (d) 4nC 
Case IV : Read the passage given below and 
answer the following questions from 76 to 80. 
Relation between Strength of Electric Field and Density 
of Lines of Force 
Electric field strength is proportional to the 
density of lines of force de, electric field strength 
at a point is proportional to the number of lines of 
force cutting a unit area element placed normal 
to the field at that point. As illustrated in the 
given figure, the electric field at P is stronger 
that at Q. 

Region of weak field 


we а 
LM 
iun 7”. M 
= 6 
Region of strong field 
76. Electric lines of force about a positive point 
charge are 
(a) radially outwards 
(с) radially inwards 
(d) parallel straight lines, 
71. Which of the following is false for electric 
lines of force? 
(a) They always start from positive charges and 
terminate on negative charges. 
th) They are always perpendicular to the surface 
of a charged conductor. 


(b) circular clockwise 


Electric Charges and Fields 


(c) They always form closed loops. 


(d) They are parallel and equally spaced in a 
region of uniform electric field. 


78. Which one of the following pattern of 
electric line of force in not possible in filed due 


4) & 


to stationary charges ? 


е b 
^u 
(a) 一 一 一 一 "一 


一 -一 一 一 


79. Electric lines of force are curved 

(a) in the field of a single positive or negative 
charge 

(b) in the field of two equal and opposite charges 

(c) in the field of two like charges 

(d) both (b) and (c). 

80. The figure below shows the electric field lines 

due to two positive charges. The magnitudes E,. 

Ep and Eç of the electric fields at points A, B and 

Crespectively are related as 


—_— 

_~“ 
(a) E > Ep > Ec (b) Ep» E.» Ec 
(с) E, = Ep > Ec (d) E, > Ep = Ec 


Case V : Road the passage given below and 
answer the following questions from 81 to 85. 


Continuous Charge Distribution 

In practice, we deal with charges much greater in 
magnitude than the charge on an electron, so we 
can ignore the quantum nature of charges and 
imagine that the charge is spread in a region in а 


11 


contínuous manner. Such a charge distribution is 
known as continuous charge distribution. There 
are three types of continuous charge distribution: 
(i) Line charge distribution (ii) Surface charge 
distribution (iii) Volume charge distribution as 
shown in figure. 


я, 
4 
R as R 
E w 


Line charge XQ э АЛГ Surface charge AQ 2 aAS Volume charge AQ а рл 


81. Statement 1 : Gauss’s law can’t be used to 
calculate electric field near an electric dipole. 
Statement 2 : Electric dipole don't have 
symmetrical charge distribution. 
(a) Statement 1 and statement 2 are true 
(b) Statement 1 is false but statement 2 is true. 
(c) Statement 1 is true but statement 2 is false. 
(d) Both statements are false. 
82. An electric charge of 8.85 x 107-12 C is placed 
at the centre of a sphere of radius 1 m. The electric 
flux through the sphere is 
(а) 0.2N C! m? (b 0.1 N C! m? 
(с) 0.3 N C! m? (d) 0.01 N C! m? 
83. The electric field within the nucleus is 
generally observed to be linearly dependent on r. So, 
py) 
d 


[^] гуе 


84. What charge would be required to electrify 
a sphere of radius 25 cm so as to get a surface 


` 


charge density of žc m"? 


(а) 0.755 C (b)7.5C (с) 75C (4) zero 


85. The SI unit of linear charge density is 
(Cm DCm (0 Сё (d) Cm? 


23 Assertion & Reasoning Based MCQs 


For question numbers 86-100, two statements are given-one labelled Assertion (A) and the other labelled Reason (R). 
Select the correct answer to these questions from the codes (а), (b), (c) and (d) as given below. 

(а) Both A and R are true and R is the correct explanation of A 

(b) Both A and R are true but R is NOT the correct axNanaton ot A 


(c) Ais true but Ris false 
(d) Ais false and R is also false 
86. Assertion (A): If a conducting medium is 


placed between two charges, then electric force 
between them becomes zero, 


Reason (R) : Reduction in a force due to 
intreduced material is inversely proportional to 
its dielectric constant. 


12 

i lectric 

ion (A) : In electrostatics, elect! 

i Var ak never be closed loops, аз а line 
a never start and end on the same charge. Я 
еа (R) : The number of electric lines o 
force originating or terminating on a charge is 
proportional to the magnitude of charge. 

88. Assertion (A) : The electric field due to a 
discrete charge configuration is not defined at 
locations of the discrete charges. 5. 
am Mit (R) : For a surface charge distribution, 
electric field is discontinuous across the surface. 


ion (A) : Charge is quantized. 
sr A bon which is less than 1 C is 
not possible. 
90. Assertion (A) : The electric flux emanating 
out and entering a closed surface are 8 x 10° and 
2 x 10? V m respectively. The charge enclosed by 
the surface is 0.053 pC. . 
Reason (R) : Gauss's theorem in electrostatics 
may be applied to verify. 
91. Assertion (A) : Total flux through a closed 
surface is zero if no charge is enclosed by the 
surface. 
Reason (R) : Gauss law is true for any closed 
surface, no matter what its shape or size is. 


92. Assertion (À) : The surface densities of two 
spherical conductors of different radii are equal. 
Then the electric field intensities near their 
surface are also equal. 

Reason (R) : Surface density is equal to charge 
per unit area. 

93. Assertion (A) : Three equal charges are 
situated on a circle of radius r such that they 
form on equilateral triangle, then the electric 
field intensity at the centre is zero. 

Reason (R) : The force on unit positive charge 
at the centre, due to the three equal charges 
are represented by the three sides of a triangle 
taken in the same order. Therefore, electric field 
intensity at centre is zero, 
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94. Assertion (A) : The electric lines of forces 
diverges from a positive charge and converge at 
a negative charge. à 

Reason (A) : A charged particle free to moye in 
an electric field always move along an electric 
line of force. 

95. Assertion (A) : Charging is due to transfer 
of electrons. 

Reason (R) : Mass of a body decreases slightly 
when it is negatively charged. 

96. Assertion (A) : Range of Coulomb force is 


infinite. 
Reason (R) : Coulomb force acts between two 


charged particles. 

97. Assertion (A) : If a point charge be rotated 
in a circle around a charge, the work done wil] 
be zero. 

Reason (R) : Work done is equal to dot product 
of force and distance. 


98. Assertion (A) : A point charge is lying at 

the centre of a cube of each side. The electric 

flux emanating from each surface of the cube is 
th 

z of total flux. 


Reason (R) : According to Gauss theorem, total 
electric flux through a closed surface enclosing a 
charge is equal to Uso times the magnitude of the 
charge enclosed. 

99. Assertion (A) : A point charge is brought in 
an electric field. The field at a nearby point is 
increase, whatever be the nature of the charge. 
Reason (R) : The electric field is independent of 
the nature of charge. 

100.Assertion (A) : For charge to be in 
equilibrium, sum of the forces on charge due to 
rest of the two charges must be zero. 

Reason (R) : A charge is lying at the centre of 
the line joining two similar charges each which 
are fixed. The system will be in equilibrium if 
that charge is one fourth of the similar charges. 


y ANSWERS TN 


1. (b): Mass of water = 250 g 

Molecular mass of water = 18 g 

Number of molecules in 18 g of water 
(Avogadro's Number) = 6.02 x 1023 

+, Number of molecules in one Cup of water 


. 250 5 
pi x6.02 x10? 


Each molecule of water contains two hydrogen atoms and 
one oxygen atom, /.е,, 10 electrons and 10 protons. 

-. Total positive and negative charge has the same 
magnitude and is 


= 250,602 10 x10x1.6x10C = 1,34 x 107C 


Electric Charges and Fields 


2. (a): By quantisation of charge, 


-IC 
-(1.6x107") 


(d) : From diagram, force on q,(= д) at A, 


= 6x 10" electrons 


C (q, 7 -9) 


> Fy 
В (9. = 4) 


Alq = 4) 
Ё=Ё,+Е,= Еһ 


2 


Неге F = —#— апа г, is the unit vector along BC 


7 


4ng l^ 

Force on q,(= 9) at B, 
F,=F,,+F, = Ег, (here к, is the unit vector along AC) 
Force on q3( = —g) at C 
B= Fy, +Ë, = (VA +F +2, F,c0s60")a = Јура 
Here л = unit vector along the direction bisecting ZBCA 
o F+F,+F=0 
4. (9): In a charge-free region, electric field lines can be 
taken to be continuous curves without any breaks. 
5. (d): Electric field at a point is continuous if there is no 
charge at that point. And the field is discontinuous if there is 
charge at that point. 
6. (d): As per Gauss's theorem in electrostatics, the electric 
flux through a surface depends only on the amount of charge 
enclosed by the surface. It does not depend on size and shape 
of the surface. Therefore, electric flux through the surface is 
the same for all figures. 
7. (9): Dipole moment is a vector quantity and has 
magnitude of 2qa and it is in the direction of the dipole axis 
from -q to q. 

(а) : As electric flux, ф = E.As 

unit of $ is N C"! m? 

(b) : Here, q, = 0.2 pC = 0.2 x 106 C 

9 =-0.4hC=0.4x105C 


0.2 x10* x 0.4 x 10% x 9 x 10” 
0.4 


= 1.8 x 1073 = 0.18 х 104 
r= (0.18 х 107522 0.42 x 10°? m = 42 x 1073т 


10. (c) : Electric field due to complete disc (A = 2a), 


чет да 


(^ h««a) 


11. (b): Неге, q, = 1x 1076 gq, =2 107 C, 
г= 20 т = 20 х 102m 
As F= 04. 
4ngr 
9x10 x IxI07 x 2x107 

- TET 245x103N 
12. (d) :Here, p = 2 x 10? ст, Ө = 30° 
E-A4x10'NC" 
Ast - pEsin8 

=2x 10° х 4 х 10'sin30°=4 х 105Nm 


13. (с) : According to Gauss's theorem, 


Electric flux through the sphere = 7 
-. Electric flux through the hemisphere = te 
25 

10x10 * 6.2797 

= - = 0.56 x 10$ Nmz C 
2x8.854x107 

= 0.6 х 10 Nm? C' = 6 x 10 Nm? С! 
14. (a): When a point charge +q is placed at a distance d 
from an isolated conducting plane, 
some negative charge develops on 
the surface of the plane towards 
the charge and an equal positive 
charge develops on opposite side 
of the plane. Hence, the field at a 
point P on the other side of the 
plane is directed perpendicular to the plane and away from 
the plane as shown in figure. 


15. (d): According to Gauss's theorem in electrostatics 


Ё 44 =. 
$£4:-3 


Here q is charge enclosed by the surface. 


14 


If the charge is 0 


Also, фЁ4#=0. А 
both (b) and (c) are correct. ^N 
т d) : When a glass rod is rubbed with silk cloth then 
Че. electrons from the glass rod get transferred i 
silk cloth and thus the glass rod gets positively charged ч 
the silk get negatively charged. No new charge is created in 
the process of rubbing. 
Men i i ion, 
18. (c) : When there are various types of charges in a reg о 
but the total charge is zero, the region can be suppose 
to contain a number of electric dipoles. Therefore, at points 
og 1 
outside the region, the dominant electric field = EJ for large r. 
19. (9) : In figure, the field is upward. - 
So the negatively charged electron е 
experiences а downward force. [ 
+, The acceleration of electron is 


utside the surface, therefore Ginside = 0 


some of the 


= cE 
m, А 
The time required Бу the electron to fall through a distance 


his 


а, (i) + + + 


2 |287, (using (i) 
eE 


е 
a 


2x1.5x107 mx9.11x 10?! =29x10%s 


1.6x10 Cx 2x10* 
š AERA 
20. (c): As Ёа : 


where q is charge enclosed by the surface. 
when ¢ £.ds =0,9 =0 
Le. net charge enclosed by the surface must be zero. Therefore, 


all other charges must be outside the surface. This is because 
charges outside the surface do not contribute to the electric flux. 


21. (а) : The electric field in a region is given by 


a A+ “ А 
Ё = 21+ Вуј+ Сік 
E) у] 


Compare it with E= £,i+E,j+E,k 
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22. (d): Here, p= 1 х 10-9 cm, Ө = 30° 


E=6x10'NC! 


Ast =pEsin@ 
= 1x 102 x 6 x 104 sin 30° 


24. (d): Here, а= -6 x 107 C - 
Charge on one electron, e = — 1.6x 1077 C 
. Number of electrons transferred from wood to polythene 


g -$xIU | _ 3,75 х 1012 


п= 二 = 


[4 -L6x10* 
25. (а) : By Gauss's law, 


21.05 x 8.854 x 107172 C = 9.30 x 1072 C 


26. (а) : The torque acting on a dipole in a uniform 
external field E is t=PxE or PEsin Ө and its direction is 


perpendicular to Ё and also P. 
27. (а) : In the figure, when a charge q is placed at corner 
A of the cube, it is being shared equally by 8 cubes. 
^ The total flux through the faces of the given cube 
4 

7 в, 
28. (b) : For a uniformly charged hollow cylinder, the electric 
field lines are as shown in figure (b). 


29. (b): Charge on single electron is e = 1.6 x 10719 С 
Total charge, 9 = + 2.4 С 
Then Бу quantization of charge 
q-ne 
4 


-, number of electrons, n= 二 
[4 


= 一 24C _ 1,5 1019 
L6x10"c 
с 16x10 


30. (a): Here, E = ze Y PIED 
31. (b) 


32. (d) : Object can be charged by rubbing. During rubbing 
some of the free electrons may get transferred from one object 
to other. 


= 1.8 x 1079 N С! 


Electric Charges and Fields 


33. (d) 
34. (d): From figure, length of diagonal of the square 
(45 * -4 uC) (qc = 3 4C) 


(q, ^ -4 pC) 


zAC-BD- 410 +10? = 1042 cm 
1042 10 
= = = D= 一 一 一 一 = 
ОА = ОВ = OC = Oi Б g” 


Forces of repulsion on 1 pC charge at O due to 3 uC charge, 
at Aand C are equal and opposite. So they cancel each other. 
Similarly, forces of attraction of 1 pC charge at O due to 
—4 yC charges at B and D are also equal and opposite. So 
they also cancel each other. 

Hence the net force on the charge of 1 yC at O is zero. 


36. (b) : Here, q = q, = 3.2 х 107 C, r= 60cm 2 0.6 т 


l 44 


Electrostatic force, F = E 
4л, ғ 


_ 9x10? (3.21077)? 

Е (0.6) 

= 2,56 x 10-3 № 

37. (d) : As shown in figure draw AD L BC. 


х Ар = AB соѕ30° = d 


Distance AO of the centroid O from A 


^. Force оп Qat O due 
to charge q, = qat A 


2-1... 94 _ 304 
F, = апе, (1143) m , along AO 


Similarly, force on O due to charge Ф = дав 
= 309 
R= 
2 47e NL 
and force on Q due to charge q, = qat C 


(«7 9) 


along BO 


Angle between forces F, and F, = 120° 


By parallelogram law, resultant of Р, and Р, = 22 


^ Total force on O= 294 


38. (c) : The value of g in the region 11, in between the 
plates, 
с _ 2x10” 


= = = 3. On 
c iple MIC NE 


39. (с) : Particles A and B have negative charges because 
they are being deflected towards the positive plate of the 
electrostatic field. Particle C has positive charge because it is 
being deflected towards the negative plate. 

~- deflection of charged particle in time tin y-direction 

| paige F 


hz0xt*-at^2—— 
2 2m 


іе. he gm 
As the partide C suffers maximum deflection in y-direction, 
so it has highest charge to mass g/m ratio. 


40. (a) 

F 
41. (c) : From E= 一 

q 

[MT T7] Wy 17-3471 
= z[M'L'T^A 
[AT] | | 

42. (b) : Here, take the square as one face of the cube with 
edge 12 cm. 
The point charge +20 yC is at a distance 6 cm directly above 
the centre of ABCD 
From figure, it is clear that square ABCD is one of the six faces 
of a cube of side 12 cm. 
By Gauss's theorem, total electric flux through ail the six faces 


of the cube = 4 


Е, 
-. Electric flux through the square 
Lid 
=s Е, 
1. 20x10* 
三 一 X > 
6 885x10" 
= 3.8 х 10°Nm2C! 
43. (b): Electrostatic field lines start ог end only at 90° to 
the surface of the conductor. So curve (b) cannot represent 
electrostatic field lines. 
44. (d) 
45. (d): Here, E2 2x 10°N C 
1= 2 ст, т= 4М№т 
Torque, t= px Ё = pE sind 


М 4=рх2 х 105 х sin 30° or p=4x 105 Ст 
As р= д 


D 


— — MÀ m 


22x103C-2mC 
46. (a) : The value of k= = 
where Ep is permittivity of free space 
28854 x 10 CIN m 
47. (a) : Mess of the coin = 0.75 $, 
Atomic number, Zu = 13 
Atomic mass of aluminium = 26.98 g 
Avogadro's number = 6.02 x 103 
Number of Ai atoms in the coin, 
6.02 x10” 9.75 = 1.67 x 102 


N= 73898 i 
As charge number of Al is 13, each atom of Al contain 


13 protons and 13 electrons. An а 
Magnitude of positive and negative charges is one paisa coin 
= №е 

= 1.67 х 102 x 13 х 1.6 х 10719 C 

= 3.47 x 10°С 

48. (b): Here, number of electrons removed = number of 


2 harge, q=ne=4 x 10"? x 1.6 x 10°C 
=6.4 x 107C 
49. (c) : Electric field, 
Е 225N — 1 
4 isxlo“C и. 
50. (©) 
51. (9) 
52. (Ь) : While combing hair, friction between the comb and 
the hair results is the transfer of electrons. 
53. (c) : Force of mutual attraction between an electron and 
à proton 
le 
etc 
.9xW'ü6xi9"y — m 
= TES z23x10?N 
Acceleration of electron = E. 
m, 
_ 23х10* 
9x10" 
=25x 102 ms? 
Acceleration of proton = E 
m, 
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2.3х10* 
166x107" 
13x 109 m s 
54. (c) : The potential energy of an electric dipole in i 
uniform electric field is 
Us-pE 
= – pEcos 
For U to be maximum 
cos0 2-1 = Ө=1 
55. (b): The field lines of single negative charge are radially 
inward. 
56. (c) : Gauss's law is often useful towards a much easier 
calculation of electrostatic field when the system has some 
symmetry. This is facilitated by the choice of a suitable 
Gaussian surface. 
57. (a) : Here, in the vertical direction, 
initial velocity, v = 0 


2 


E Я 
acceleration, а = 在 = 此 (i) (= Е= 
m m 


Time taken to cross the field, 
ee ii) 
velocity у, 
(-> velocity along the horizontal direction is constant) 
1.5 : 


$- м+-а 
2 2 


deflection, y= 8 ) [Using (i) and (ii)] 


2\ m 


58. (b): Here, Ё= 4+4) * 4£, d5=5i 


Electric flux, do = E-dS 
= Ai cAj «4k |52 |= 20 units 


59. (d): Electric field strength is maximum where the electric 

field lines are closer. 

60. (b): 24 q -34 
.— — —— ——— ——$—— — o 
P A B 
к | — d 


Let a charge 2q be placed at P, at a distance | from A where 
charge q is placed, as shown in figure. 
The charge 2q will not experience any force, when force of 
tepulsion on it due to q is balanced by force of attraction on 
it due to -3q at B where AB = d 

(24)(4) _ (24) 34) 


un 
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(1+ d? = 3Ё 
or 22-20- Ф = 0 
2 1 
à Ape 44 


ja 4284 
ps. 


ds q 32x19 
. (b): From q2 ne, n = = — =20 
eer) : e 16x10? 
As nis an integer, hence this value of charge is possible. 
63. (d): Charge on the body is q= ne 
^ No. of electrons present on the body is 
10°C 
< 1x 


ig = 6.25 x 10° 
e L6x10 C 


64. (c) : Here, n = 10? electrons per second 
Charge given per second, 
q-ne- 10 х 1.6 х 107? C 
q-16x10 "C 
Total charge, Q = 1 C (given) 
^ Time required = A wih ie 60259 10% 


25x10? 
6.2551 year = 198.19 years. 
3600 x 24 x 365 


32x107 

16x10? 

= n=2 x 107? electrons. 

66. (a): From Newton's law 

F=ma or fern B-E 
1 А т т 


Using, s= utp oat 


65. (a): As q= пе, n= 


(b) : Force is same in magnitude for both. 
м mà = та; 
& mol, 
a m 05 


69. (b): Here, ига» 45у жу 
т 


Using, v?-u? = 2as => PaE, 
m 


> KE = iv = Еу 


70. (b): If charge particle is put at rest in electric field, then 
it will move along line of force. 


1.08 х107!* x98 
1.68 x 10° 

=6.4 х 10°C 

64x10? 


16x10? 
73. (с) : For the drop to be stationary, 

Force on the drop due to electric field = Weight of the drop 
gE = mg 


71. (a): As, gE = mg = q= 


72. (а): д= пе o => n= 4 


1.6 x 105 x10 


100 
Number of electrons carried by the drop is 


я 16x10 C 


n= 4 = — = 


e 16х107' С 
74. (с) 
75. (d): Millikan's experiment confirmed that the charges 
are quantized, ie., charges are smail integer multiples of the 
base value which is charge on electron. The charges cn the 
drops are fcund to be multiple of 4. Hence, the quanta of 
charge is 4 nC. 
76. (a) 
77. (c) : Electric lines cf force do not form any closed loops. 
78. (c) : Electric field lines can't be closed. 


79. (d) 

80. (a) 

81. (a) : Gauss's law is applicable for any closed surface. 
Gauss's law is most useful in situation where the charge 
distribution has spherical or cylindrical symmetry or is 
distributed uniformly over the plane, Whereas electric dipole 
is a system of two equal and opposite point charges separated 
by a very small and finite distance. 

So both statements are correct. 

82. (b): According to Gauss’s law, the electric flux through 
the sphere is 


-16x107C 


3.85 x 10-8 
8.85 х107 C? N^! m7 
pr 


83. (c) : For uniformly volume charge density, E = -一 
E«r 3 


84. (а): г= 25 т = 0.25 т, а= 5 Cim? 


=0.} N C7! ш? 


аду к 


85. (b): The line charge density at a point on a line is the 
charge per unit length of the line at that point 


e 
4 dL 


Thus, the 51 unit for Ais © m^, 


—— vs 
Ww we ar m 
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86. (a): The dielectric constant of any material is 
"m RI = Ю us p = Po where Fy is force when 
СЕ Fla F K 
conductor is not pint between the charge. Fis a force after 
introduction of conductor between charges. Since dielectric 
constant of a conducting medium is infinity therefore F=0. 
87. (b): Electrostatic field lines of force can never form any 
dosed loop. Because electric field originate from positive 
charge and terminates on negative charge. 
88. (b) 
89. (c) : The charge доп a body is given as д = ne 
where nis any integer positive or negative. БМ 
The charge on the electron is д = 1.6 x 1077? C which is less 
than 1С. 
90, (a): According to Gauss's theorem in electrostatics, 
$= dts A 
qt = 225 х 1071 (8 x 107-2 х 107] 
= $3.10 x 10? С = 0.053 uC. 
91. (b): Gauss law implies that the total electric flux 
through a dosed surface is zero if no charge is enclosed by 
the surface and it is true for any dosed surface, independent 
of its гре and size. 
$2. (b): As 0, = 0, (Given) 
2 
iai 
41 Ф 

{let г; end г, be two different radii] 
Then the ratio of electric field intensities near the surface of 
spherical conductors, 


Lt „#2 Lu hy Bey 
E, Amy)? Ф а «v 44 

ie. E, E; 

93, (а): Р дїй of electric intensity at О due to Band C 
is equal and opposte to that due to A. 


94, (€) : f the charged pertice in initially at rest in an electric 
falh, t ul tere Bonny he deare e A force Bit when the 
KAA vbt iy A Charged partide mates vorne ande with the 
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fine of force then the resultant path is not alon 
force. Because electric line of force may not coin 
fine of velocity of the charge. 

95, (c) : A body becomes negatively charged o 
some electrons are transferred to the body ге. the p 
some electrons, Hence its mass increases slightly, 
body decreases only when body gives some electro 
other body. 

96. (b): Coulomb's force or electric force given by Coul 
law, is valid over nuclear distances (= 107! 
very large distances. 


g the ling of 
Cide with the 


nly Wh 
en 
Ody gains 
Mass of a 
NS to Som, е 


отр; 
mas well as o 


k|ai la; 


From Coulomb's law, F = E | - This generally holds 


only for charged objects whose size are much smaller than 
the distance between them. 
97. (a): Work done will be zero because in rotating the 
charge in a circle, force is along the radius and direction df 
motion is perpendicular to it. 

Work done, W = F. 5 = FScos0 

= FS соѕ90° = 0 

98, (b): The electric flux through the cube, ф = фе " 
А cube has six faces of equal area, Therefore, electric fiy, 


through each face = 2% A = (g є). 


99, (d): Electric field at the nearby point will be resultant 
of existing field and field due to the charge brought. ht may 
increase or decrease if the charge is positive or negative 
depending on the position of the point with respect to the 
charge brought. 


100.(c) ; According to Coulomb's law, Е =k QQ , 
The force on q due to A, ? 


1 Q А 
F, =——.—“=4_. w the sight 
^ алау (riz? 


Ag — 4 9g 
MM 7—0 


Б, = ÊL t the left 
4129 (120 
b use NT. Q 
2. Their sum is zero whether gis + 一 or 一 一 
4 4 
@ апу other value, 


Therefore, ft is not true that the third charge has to be 04 
only. It can be any value, 


ooo 


Electrostatic Potential 
and Capacitance 


[E Recap Notes 


Electric potential: Electric potential ata 
point is defined as amount of work done in 
bringing a unit positive charge from infinity 
to that point. It is denoted by symbol V. 


у= 


q 

Electric potential is a scalar quantity. 
The SI unit of potential is volt and its 
dimensional formula is [ML?T-2A-1], 
Electric potential at a point distant r from 
a point charge q is 
V= 4 

Agr 
Electric potential due to group of charges : 
The electric potential at a point due to a 
group of charges is equal to the algebraic 
sum of the electric potentials due to 
individual charges at that point. 
va qi [ ++. =L $4 

Am n h h) ARES чт 
Electric potential at any point due to an 
electric dipole 

Р 


The electric potential at point Р due to an 
electric dipole 
Vs 1 pcosü 1 [24 
Amo p? Ато 2 
~ At axial point: When the point P lies 
on the axial line of dipole i.e., 0 = 0°, 
Va EL. 
Алғ? 


- At equatorial point : When the point Р 
lies on the equatorial line of the dipole, 
іе,Ө= 02 - Vz-0. 

> Electric potential due to а uniformly 
charged spherical shell of uniform 
surface charge density с and radius R at 

a distance r from the centre the shell is 

given as follows : 


The variation of V with r for a uniformly 
charged thin spherical shell is shown in 
the figure. 


к r—- 


> Electric potential due to a non-conducting 


solid sphere of uniform volume charge 
density p and radius R at distant r from 
the sphere ís given as follows : 

- Ata point outside the sphere ie., г > R 


20 


- Ata point inside the sphere i.e, r < R 


ү p OR =P) 1 g@r-r) 


———— SE ——— 


AQ; 2 4", 2M 
4 
Here Шш, 


otential surface : A surface on 

ү ери electric potential is constant ів 

known as equipotential surface. д 

» Properties of an equipotential surface : 

- Electric field lines аге always 

perpendicular to an equipotential surface, 

- Work done in moving an electric 

charge from one point to another on an 
equipotential surface is zero. 

- Two equipotential surfaces can never 

intersect one another. 


Relationship between Ë and V 
Ё =-9У 


where 9 «(12.52.42 


-ve sign shows that the direction of Ë is the 
direction of decreasing potential. 


Electric potential energy 
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conductor and has the same valug 
inside) on its surface. 


. Electric field at the surface of a charged 
„ On 
conductor, is “хў 
where сів the surface charge density and 
fi is a unit vector normal to the surfaca jn 
the outward direction, 
> Electrostatic shielding : It ig the 
phenomenon of protecting a certain region 
of space from external electric field, 


Polar and non-polar molecules 

> Polar molecule : A polar molecule ів one jn 
which the centres of positive and negatiyg 
charges are separated (even when therg 
is no external field). A polar molecule hag 
a permanent dipole moment e.g., water 
(H,O) and HCI, 
Non-polar molecule ; A non-polar molecule 
is one in which the centres of positive and 
negative charges coincide. A non-polar 
molecule has no permanent dipole moment, 
e.g., oxygen (O;) and hydrogen (IL), 


Capacitance : Capacitance (C) of a capacitor 
is the ratio of charge (Q) given and the 


(ny 
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» Capacitance of an air filled cylindrical 


capacitor 


: 
where а and b are the inner and outer 
radii and L ія the length. 
Capacitance of a parallel plate capacitor 
with a dielectric slab of dielectric constant 
K, completely filled between the plates of 
the capacitor, ia given by 


When a dielectric slab of thickness t 
and dielectric constant K is introduced 
between the plates, then the capacitance 
of a parallel plate capacitor із given by 


When a metallic conductor of thickness 
t is introduced between the plates, then 
capacitance of a parallel plate capacitor ia 
given by 

кА 


d-t 


21 


lms of charge. Some energy is, however, 
lost in the process in the form of heat ete, 
which is given by 
"(c y 
U,-U, = CU, enr 
HC, +61) 


Energy stored ín a capacitor: Work done 
ín charging a capacitor gets stored in the 
capacitor in the form of its electric potential 
energy and it ia given by 


valcr? utay AZ 

2 2 2c 
Energy density : The energy stored per 
unit volume in the electric field between 
the plates ія known as energy density (и), 


It is given by 

us Pel 

Whena dielectric slabof dielectric constant 

K is introduced between the plates of a 

charged parallel plate capacitor and the 

charging battery remains connected, then 

- Potential difference between the plates 
remains constant Le., V s У, 
Capacitance C increases ie., C = KC, 
Charge on a capacitor increases i.e., 


> Electric potential energy of a system of potential (V) to which it is raised, ie., С = QV. Combination of capacitors in series and Q=KQ 
two point charges > The SI unit of capacitance is farad (F), parallel Eeer Ду, between the plates 
1 44 - 1 millifarad (mF) = 10°” farad > Capacitors in series ; For n capacitors remains oiga ie E nE, 


- 


аена Se mre UNE чш Sag Se os oe 


U= Treg nia = 1 microfarad (uF) = 1079 farad 


where г is the distance between q, and q;. 
» Electric potential energy of a system of n 
point charges 


» The SI unit of electric potential energy is 
joule. 


Conductors: Those substances which can 
easily allow electricity to pass through them 
are known as conductors. They have a large 
number of free charge carriers that are free 
to move inside the material. e.g., metals, 
human beings, earth etc, 
> Basic electrostatics properties of a 
conductor are as follows : 
- Inside a conductor, electric field is zero. 
- At the surface of a charged conductor, 
electric field must be normal to the 
surface at every point. 
The interior of a conductor can have no 
excess charge in the static situation. 
Electric potential is constant 
throughtout the volume of the 


- 1 picofarad (pF) = 107? farad, 

The dimensional formula of capacitance is 
(M-IL714A?], 

Capacitance of a spherical conductor of 
radius R is C = 4ne ft 

Taking earth to be a conducting sphere of 
radius 6400 km, its capacity will be 


6 
C=4reoR= 2210 = 711 up 


9x10 
Capacitor : A condenser or a capacitor is a 
device that stores electric charge. It consists 
of two conductors separated by an insulator 
or dielectric, The two conductors carry equal 
and opposite charges +0, 
> Capacitance of an air filled parallel plate 
capacitor 
"" 
where A is area of each plate and d i8 
separation between the two plates. ， 
Capacitance of an air filled spherical capacitor 
Ce 422, -2È 
NNUS ; 
where a and b are the inner and outer radii- 


connected їп series the equivalent 
capacitance Cs is given by 

duda lu e. 

С; С, С, e. C, 

Capacitors in parallel : For n capacitors 
connected in parallel, the equivalent 
capacitance Cp is given by 

Cp aC, + Cy +n. + С, 

When capacitors are connected in series, 
the charge through each capacitor is same. 
When capacitors are connected in parallel, 
the potential difference across each 
capacitor is same. 
When two capacitors charged to different 
potentials are connected by a conducting 
wire, charge flows from the one at higher 
potential to the other at lower potential 
till their potentials become equal. The 
equal potential is called common potential 
(V), where 


Va total charge Q +Q _ CV, +CV, 
total capacity Cj * C; Chey 


Tt should be clearly understood that in 
sharing charges, there is absolutely no 


Energy stored in a capacitor increases 
ie., U = KU, 
When a dielectric slab of dielectric constant 
K is introduced in between the plates of a 
charged parallel plate capacitor and the 
charging battery is disconnected, then 
~ Charge remains unchanged ie., Q = Q, 
- Capacitance increases ie., C = KC, 
~ Potential difference between the plates 


decreases Le., V = 


Electric field between the plates 
decreases 


Energy stored in the capacitor 
decreases 


where Q), C,, Vo, E, and U represents the 
charge, capacitance, potential difference, 
electric field and energy stored in the 
capacitor of a charged air filled parallel 
plate capacitor, 


———— à REP MP rM EE ААР accu Eua bien spi um 


4) Multiple Choice Questions (MCQs) 


1. Consider a uniform electric field in the 
z-direction. The potential is a constant 

(a) for any x for a given z 

(b) for any y for a givenz 

(c) on the x-y plane for a given z 

(d) all of these 

2. Inaregion of constant potential 

(a) the electric field is uniform. 

(b) the electric field is zero. | 

(с) there сап be no charge inside the region. 
(d) both (b) and (c) are correct. 

3. А molecule of a substance has a permanent 
electric dipole moment of magnitude 103? C m.A 
mole of this substance is polarised by applying a 
strong electrostatic field of magnitude 107 V ml. 
The direction of field is changed by an angle 60°. 
The heat released by the substance in aligning its 
dipole along the new direction of the field is 

(а) -6J  (bD-3J  (03J (d) 6J 


4. The potential at a point due to a charge of 
5 x 1077 C located 10 cm away is 
(а) 3.5 x 109 V (b) 3.5 x 10* V 
(c) 4.5 x 10* V (d) 4.5 x 105 V 
5. Inthe previous question, work done in bringing 
a charge of 4 x 1079 C from infinity to that point is 
(a) 24x 104J (b) L8x10*J 
(с) 3.2x105J (d) 4.1x 105 Ј 
6. Two conducting spheres of radii гу andr, are 
equally charged. The ratio of their potential is 
2 2 

ал 5 (95? (m 

n 5 л n 
7. The electric potential at a point in free space 
due to a charge Q coulomb is Q x 1011 V. The 
electric field at that point is 
(а) 12zz9Q x 102? V m! 
(b) 4nc9Q x 107? V шг! 
(c) 12ng9Q x 107° V m^! 
(d) 4negQ x 10% V m7! 
8. Acharge 4q is placed at the 
origin O of x-y axes as shown in 
the figure. The work done in 
taking a charge Q from A to B 
along the straight line AB is 


9. 16 pF capacitor is connected to 80 V supply 
The amount of electric energy stored in the 
capacitor is 
(a) 4.5 x 10712 J (b) 5.1x 103 Ј 
(с) 2.5 x 107? J (d) 3.2 x 108 J 


10. The equivalent capacitance for the network 
shown in the figure is 100 pF 


(a) 6, 
(b) 400pF 400 pF 
C G + 
1 


(c) 00 pF p 


(4) s 

11. If a charged spherical conductor of radius 
10 cm has potential V at a point distant 5 cm 
from its centre, then the potential at a point 
distance 15 cm from the centre will be 


3 2 1 
(a) 3V (b) 214 (c) cid (d) А 


12. The electrostatic potential on the surface 

of a charged conducting sphere is 100 V. Two 

statements are made in this regard 

(i) At any point inside the sphere, electric 
intensity is zero 

(ii) At any point inside the sphere, the 

. electrostatic potential is less than 100 V. 

Which of the following is a correct statement? 

(a) Statement (i) is true but statement (ii) is false 

(b) Both statements (i) and (ii) are false 

(c) Statement (i) is true, statement (ii) is also 
true and (i) is the cause of (ii) 

(d) Statement (i) is true, statement (ii) is also 
true but the statements are independent. 


13, A small sphere of radius ғ; and charge 91 
is enclosed by a spherical shell of radius rg and 
charge qo. If q, is positive, then 
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(a) charge will flow from the aphere to shell. 

(b) charge will flow from the shell to sphere. 

(c) charge flow will depend on the magnitude q}. 

(d) charge flow will depend on the magnitude of 
charge qj. 


14. When air is replaced by a dielectric medium 
of constant K, the maximum force of attraction 
between two charges separated by a distance 

(a) increases K times (b) remains unchanged 
(c) decreases K times (d) increases К? times 


15. Two identical capacitors are joined in 

parallel, charged to a potential V, separated 

and then connected in series, the positive plate 

of one is connected to the negative of the other. 

Which of the following is true? 

(a) The charges on the free plated connected 
together are destroyed. 

(b) The energy stored in the system increases. 

(c) The potential difference between the free 
plates is 2V. 

(d) The potential difference remains constant. 


16. If dielectric constant and dielectric strength 
be denoted by K and X respectively, then a 
material suitable for use as a dielectric in a 
capacitor must have 

(a) high K and high X (b) high K and low X 
(с) low Капа highX (d) low K and low X 


17. The charge on 3 pF capacitor shown in the 
figure is S| 

(а) 2pC 2uF 3uF 6uF 
(b) 10 pC 

(c) 6 uC 

(d) 8 pC [m 

18. A parallel plate capacitor is connected across 
a 2 V battery and charged. The battery is then 
disconnected and a glass slab is introduced 
between plates. Which of the following pairs of 
quantities decreases? 

(a) Charge and potential difference. 

(b) Potential difference and energy stored. 

(c) Energy stored and capacitance. 

(d) Capacitance and charge. 


19. In a quark model of elementary particles, a 


neutron is made of one up quark of charge 3° 


and two down quark of charges (59). If they 


have a triangle configuration with side length of 
the order of 10715 m. The electrostatic potential 
energy of neutron in MeV is 


23 


(a) 7.68 — (bj -5.21 (c) -04R (dj 9.24 


20. A parallel plate condenser with a dielectric 
constant K between the plates has a capacity 
C and is charged to a potential V volt. The 
dielectric slab is slowly removed from, between 
the plates and then reinserted. The net work 
done by the system in this process is 


(а) zero (b) 3 -ncy? 


CY (K -1 
(e) —LE (d) (K- CY? 


21. Four equal charges q each are placed at four 
corners of a square of side a each. Work done in 
carrying a charge -q from its centre to infinity із 


X4. wo qq ©. 
х2 三 ez Nga 

22. In a parallel plate capacitor, the capacity 

increases if 

(a) area of the plate is decreased 

(b) distance between the plates increases 

(с) area of the plate is increased 


(dj dielectric constant decreases. 


fa) zero (bj 


23. A cylindrical capacitor has two co-axial 
cylinders of length 20 cm and radii 1.5 cm 
and 1.6 cm. The outer cylinder is earthed and 
inner cylinder is given a charge of 4 pC. The 
capacitance of the system is (neglect end effects) 
(а) 28x10?F (b 42x10 ^F 

(с) L7x109F (d) 3.4 x 107 F 


24. The capacitance of a parallel plate capacitor 
with air as medium is 3 uF. With the introduction 
of a dielectric medium between the plates, the 
capacitance becomes 15 uF. The permittivity of 
the medium is 

(а) 5 С? №! m? (b) 15 C? N*! m? 

(с) 0.44 x 10:9 C? №! m? 

(d) 8.854 х 10-1 C? № m? 


25. A parallel plate capacitor has two square 
plates with equal and opposite charges. The 
surface charge densities on the plates are 
+o and -o respectively. In the region between 


the plates the magnitude of the electric field is 


в 
(b) Di 


(d) none of these 


26. A metallic sphere of radius 18 cm has been 
given a charge of 5 x 107% C. The energy of the 
charged conductor is 


(а) 024 (Ы 06J (d) 24J 


(c) 1.2J 


24 


27, Energy sto 
during charging a capa 
(a) 1:1. (1:2 


28. Two tiny sphere 
and 2.8 pC are k 
potential at the mi 
two charges 18 
(a) 3.8 x 10* V 


red in a capacitor and dissipated 


citor bear a ratio 
(Q2:1 08) 1:3 


s carrying charges 1.8 pC 


re located at 40 cm apart. The 
d-point of the line joining the 


(b) 2.1x 105 V 
(c) 4.8 x 10* V (d) 3.6 x 105 V 


. In the previous question, the potential at 
mU 20 p from the mid-point of the line 
joining the two charges in a plane normal to the 
line and passing through the mid-point is 
(a) 1.4 x 109 V (b) 4.2x 10° V 
(c) 2.9 x 10* V (d) 3.7 x 10° V 


30. A spherical capacitor consists of two 
concentric spherical conductors, held in position 
by suitable insulating supports as shown in 
figure. The capacitance C, of this spherical 
capacitor is 
(a) Алл» 
ДЫР 

(b) 4n£o(rs —r) 

n 

л» 
(с) denen) 
(n7) 


(d) merge 


31. Identify the false statement. 

(a) Inside a charged or neutral conductor 
electrostatic field is zero. 

(b) The electrostatic field at the surface of the 
charged conductor must be tangential to the 
surface at any point. 

(c) There is no net charge at any point inside 
the conductor. 

(d) Electrostatic potential is constant throughout 
the volume of the conductor. 


32. A hexagon of side 8 cm has a charge 4 uC at 
each of its vertices. The potential at the centre 
of the hexagon is 

(a) 2.7 x 106 V (b) 7.2 x 10! V 

(c) 2.5 x 102 V (d) 3.4 x 105 V 

33. Minimum number of capacitors each of 8 pF 
and 250 V used to make a composite capacitor of 
16 F and 1000 V are 

(a) 8 (b) 32 (c) 16 (d) 24 

34. An infinite cylinder of radius rg, carrying 


linear charge density 4. The equation of the 
equipotential surface for this cylinder is 
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(a) rene [Pp 

(b) rene?" ие) - ep]? 

(с) rene? [ro ЈА 

(d) rene? [e-r] 

35. Equipotential surfaces 

) are closer in regions of large electric fieldg 
compared to regions of lower electric fielda 

(b) will be more crowded near sharp edges of a 

conductor 
(c) will always be equally spaced 
(d) both (a) and (b) are correct 


36. Two metal spheres, one of radius and 

the other of radius 2R, both have same surface 

charge density с. If they are brought in contact 

and separated, then the new surface charge 

densities on each of the sphere are respectively 
55,20 (b) E (c) 30,20 (d) 20,10 

37. Which of the following statement is true 

about the relation between electric field and 

potential? 

(a) Electric field is in the direction in which the 
potential decreases steepest 

(b) Magnitude of electric field is given by the 
change in the magnitude of potential per unit 
displacement normal to the equipotential 
surface at that point. 

(c) In the region of strong electric field, 
equipotential surfaces are far apart. 

(d) Both the statements (a) and (b) are correct. 


38. The number of ways one can arrange three 
identical capacitors to obtain distinct effective 
capacitances is 

(a) 8 (b) 6 (c) 4 (d) 3 


39. Consider two conducting spheres of radii R} 

and R, with R, > В». If the two are at the same 

potential, and the larger sphere has more charge 

than the smaller sphere, then 

(a) the charge density of smaller sphere is less 
than that of larger sphere. 

(b) the charge density of smaller sphere is more 
than that of larger sphere. 

(c) both spheres may have same charge density. 

(d) None of these. 


40. A spherical capacitor has an inner sphere 
of radius 10 cm and an outer sphere of radius 
11 cm. The outer sphere is earthed and the inner 


(a 
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aphere is given a charge of 3.2 uC. The apace 
between the concentric sphere is filled with a 
liquid of dielectric conatant 28. The capacitance 
of capacitor is 

(a) 2х 10 F (b) 24 х 10? F 

(c) 4.1x 109 Е (d) 6.27109 F 


41. Three capacitors each of capacity 4 uF are 

to be connected ín such a way that the effective 

capacitance is 6 pF, This can be done by 

(n) connecting them in series 

(b) connecting them is parallel 

(c) connecting two ín series and one in 
parallel 

(d) connecting two in parallel and one in series 


42. Two condensers, one of capacity C and other 
of capacity E are 

connected to a V volt 

battery, as shown in 

the figure. The work 

done in charging 

fully both the condensers is 

(a) Fev? œ Žev? (о Sev? (a 2cv? 

43. A parallel plate air capacitor has a 
capacitance C. When it is half filled with a 
dielectric of dielectric constant 5, the percentage 
increase in the capacitance will be 

(a) 400% (b) 66.6% (с) 33.3% (d) 200% 


44. A capacitor of capacitance C, is charged to 
a potential V and then connected in parallel to 
an uncharged capacitor of capacitance C}. The 
final potential difference across each capacitor 
will be 


(d) 1- 


45. The electric field and the potential of an 
electric dipole vary with distance r as 
1 1 
(а) pudor 
1 1 
一 and 一 
(c) r anı p 
46. Choose the correct statement. 
(a) Polar molecules have permanent electric 
dipole moment. 
(b) CO, molecule is a polar molecule. 


(c) H30 is a non-polar molecule. 
(d) The dipole field at large distances falls of as UN 


n 


25 


47, An electric dipole is placed at the eentre 

of a hollow conducting sphere. Which of the 

following in correct? 

(a) Electric field is zero at every point of the 
sphere 

(b) Electric field is not zero anywhere on the sphere 

(с) The flux of electric field is not zero through the 
sphere 

(d) All of these 


48. An electric dipole of length 20 ст having 
23; 107? C charge placed at 60° with respect to 
a uniform electric field experiences a torque of 
magnitude 6 N m. The potential energy of the 
dipole is 

(a) -243J. (b) 53) (e) -35 (d) WS) 


49. The distance between Н” and CI ions in НСІ 
molecules is 1.38 Á. The potential due to this 
dipole at a distance of 10 А on the axis of dipole is 
(а) 21V (b L8V (с) 02V (4) 12V 


50. Figure shows the field lines of a positive 
point charge. The work done by the field in 
moving a small positive charge 

from Q to P is 

(a) zero 

(b) positive 

(c) negative 

(d) data insufficient 


51. A parallel plate capacitor is made of two 
dielectric blocks in series. One of the blocks has 
thickness d, and of dielectric constant K, and 
the other has thickness d, and dielectric constant 
K, as shown in figure. This arrangement can be 
thought as a dielectric slab of thickness d (= d, +0) 
and effective dielectric constant K. The K is 


ULM 


(a) Kid, + Kid; (b) Kid, + Kod; 
d +d, K,+K, 


(с) К\К,(4,+4,) (4) 2K,K> 
Ку + Kid, К+ Ky 


52. Which of the following statements is false 

for a perfect conductor? 

(a) The surface of the conductor is an 
equipotential surface. 

(b) The electric field just outside the surface of 
a conductor is perpendicular to the surface. 
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(c) The charge carr 
uniformly distri 
conductor. 

(d) None of these | 

tem consists of two charges 4 pC an 

a aC ith no external field placed at (-5 m 

0, 0) and (5 ст, 0, 0) respectively. The rue : 

of work required to separate the two charge 

infinitely away from each other is Р 

(а) -11J (b) 2d (с) 253 (d) 3 


arallel plate air capacitor is charged 
26 A tential difference of V volts. After 
disconnecting the charging battery the distance 
between the plates of the capacitor 1s increased 
using an insulating handle. As a result the 
potential difference between the plates 
(a) increases (b) decreases 
(c) does not change (d) becomes zero 


55. Find out the effective capacitance between 
points A and B as shown in the figure. 
Here C, = С, = 20 pF and C, = C, = 10 pF 
(a) 10 pF 
(b) 15 pF 
(c) 20 pF 
(d) 25 pF 
56. Two identical capacitors have the same 
capacitance C. One of them is charged to potential 
V, and the other to V;. The negative ends of the 
‘capacitors are connected together. When the 
positive ends are also connected, the decrease in 
energy of the combined system is 
(a) ee 2) (b) Sev?) 

C 


©) (и-и) 


2) Case Based MCQs 


Case I : Read the passage given below and 
answer the following questions from 61 to 65. 
Electrostatic Potential and Potential Energy 
Electrostatic potential energy of a system of 
point charges is defined as the total amount of 
work done in bringing the different charges to 
their respective positions from infinitely charge 
mutual separations. The work is stored in 
the system of two point charges in the form of 
electrostatic potential energy U of the system. 
Electric potential difference between any points 


rried by a conductor is always 
buted over the surface of the 


(a) fpe 
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57, 1 volt is equivalent to 

newton (4) 
coulomb coulomb 

58. A capacitor is made of two circular plateg 
of radius R each, separated by a distance 
d «« R. The capacitor is connected to a constant 
voltage. À thin conducting disc of radius r «« n 
and thickness t << 7 is placed at the centre of the 
bottom plate. Find the minimum voltage required 


to lift the disc if the mass of the disc is m. 


ym (yy [d [re [nec 
(a) Y O үшү (c) e (d) = 


59. Which among the following statement is true 
about the work done in bringing a unit positive 
charge from point P to Q in an electrostatic field? 
(a) Minimum work is done in case of path II. 
(b Maximum work is 1 " 
done in case of path I. 
(c) Work done is same in 
all the three paths. 
(d) Work done is zero in 
case of path II. 


60. As per the diagram a point charge +q is 
placed at the origin O. Work , 

done in taking another point 

charge -Q from the point A Е 
[coordinates (0, а)] to another 

point B [coordinates (a, 0)] along 

the straight line AB is 


(а) newton (b) 


— 


P 
i 


(a) zero 


-4Q 1 


4n£g a? 


(c) 


A and B in an electric field is the amount of work 
done in moving a unit positive test charge from A 
to B along any path agents the electrostatic force 


Wap 


V,-Va= - 
0 


= Edi. 


Electrostatic Potential and Capacitance 


61. Atest charge is moved from Jower potential 
point toa higher potential point. The potential 
energy of test charge will 

(a) remain the same (Б) increase 

(c) decrease (d) become zero 


62. Which of the following statement is not true? 

(a) Electrostatic force is a conservative force. 

(b) Potential energy of charge q at a point is 
the work done per unit charge in bringing a 
charge from any point to infinity. 

(c) Spring force and gravitational force are 
conservative force. 


(d) Both (a) and (c). 


63. Work done in moving a charge from one 
point to another inside a uniformly charged 
conducting sphere is 
(a) always zero 
(c) may be zero 


(b) non-zero 
(d) none of these 


64. The work done in bringing a unit positive 
charge from infinite distance to a point at 
distance x from a positive charge Q is W. Then 
the potential at that point is 


WQ 


(a) ст (d) WQ 


65. If 1 uC charge is shifted from A to В and it 
is found that work done by an external force is 
40 uJ. In doing so against electrostatics force, 
the potential difference V,-Vj is 

(а) 40У (b)-40V (020V (d) -60V 
Case II : Read the passage given below and 
answer the following questions from 66 to 70. 
Potential of Two Point Charges 

The potential at any observation point of a static 
electric field is defined as the work done by the 
external agent (or negative of work done by 
electrostatic field) in 
slowly bringing a unit 
positive point charge 
from infinity to the 
observation point. 
Figure shows the 
potential variation 
along the line of charges. Two point charges Q, 
and 69, lie along a line at a distance from each 
other. 


66. At which of the points 1, 2 and 3 is the electric 
field is zero? 


(a) 1 (b) 2 
(c) 3 (d) Both (a) and (b) 


(b) W 


ү 
(c) 一 
x 


v 
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67. The signs of charges Q, and Q, respectively 
are 


(a) positive and negative 

(b) negative and positive 

(c) positive and positive 

(d) negative and negative 

68. Which of the two charges Q, and Q; is 
greater in magnitude? 


(а) Q, 
(c) Same 


(b) Qi 
(d) Can't determined 


69. Which of the following statement is not true? 

(a) Electrostatic force is a conservative force. 

(b) Potential energy of charge q at a point is 
the work done per unit charge in bringing a 
charge from any point to infinity. 

(c) When two like charges lie infinite distance 
apart, their potential energy is zero. 

(d) Both (a) and (c). 


70. Positive and negative point charges of equal 
magnitude are kept at (б.) апа (s) 


respectively. The work done by the electric field 

when another positive point charge is moved 

from (-a, 0, 0) to (0, a, 0) is 

(a) positive (b) negative 

(c) zero 

(d) depends on the path connecting the initial 
and final positions. 

Case III : Read the passage given below and 

answer the following questions from 71 to 75. 

Spherical Capacitor 

The electrical capacitance of a conductor is the 

measure of its ability to hold electric charge. 

An isolated spherical 

conductor of radius R. 

The charge Q is uniformly 

distributed over its entire 

surface. It can be assumed 

to be concentrated at the 

centre of the sphere. The 

potential at any point on 

the surface of the spherical conductor will be 


Capacitance of the spherical conductor situated 
Q Q 


in vacuum is С= = б or C = 4ne,R 


iussa 5 


——— (Hn 


w-— ee 一 


28 


Clearly, the capacitance of a sphe 
is proportional to its radius. 
The ride of the spherical conductor of 1 F 


a C and this radius is 


capacitance is R= ал50 

about 1500 times the radius of the earth 
(~6 x 10° km). 

71. If an isolated sphere 


Then radius is 
(a) 90cm (Ы) 45 cm (с) 45m (d) 90m 


uld be placed on a 
aise its potential to 


rical conductor 


has a capacitance 50 pF. 


72. How much charge sho 
capacitance of 25 pF tor 
105 V? 

(a) 1 pC 

73. Dimensions of capacitance is 

(a) [M L? T! А?) (b) E E? T? AY] 

(с) M L? T^ А?) (d) M? L? Т* А!) 


(b 1.5 pC (c) 2 pC (d) 2.5 pC 


74. Metallic sphere of radius Ё is charged to 
potential V. Then charge q is proportional to 

(a) V 

(c) both V and R 


75. If 64 identical spheres of charge q and 
capacitance C each are combined to form a large 


(b) R 
(d) none of these. 


sphere. The charge and capacitance of the large 
sphere is 

(a) 649, С (b) 167, 4C 

(c) 649, 4C (d) 16g, 64C 

Case IV : Read the passage given below and 
answer the following questions from 76 to 80. 
Dielectric Slab 

A dielectric slab is a substance which does not 
allow the flow of charges through it but permits 
them to exert electrostatic forces on one another. 
When a dielectric slab is placed between the plates, 
the field E; polarises the dielectric. This induces 
charge —Q, on the upper surface and +Q, on the 
lower surface of the dielectric. These induced 
charges set up a field E, inside the dielectric in 


the opposite direction of Éo as shown. 


76. In a parallel plate capacitor, the capacitance 
increases from 4hF to 80 pF, on introducing a 
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ric medium between the plates, What i, 
the dielectric constant of the medium? 
(a) 10 (b) 20 (c) 50 (d) 100 


dip a capacitance of 8 pF. The separati 
between the plates is now reduced half and the 
space between them is filled with a medium 
of dielectric constant 5. Calculate the value of 
capacitance of the capacitor in second case, 


(a) 8pF (b) 10 pF (c) 80pF (d) 100рр 


78. A dielectric introduced between the plates of 
a parallel plate condenser 

(a) decreases the electric field between the plates 

(b) increases the capacity of the condenser 

(c) increases the charge stored in the condenser 

(d) increases the capacity of the condenser 


79. Aparallel plate capacitor of capacitance 1 pF hag 
separation between the platesisd. When the distance 
of separation becomes 2d and wax of dielectric 
constant x is inserted in it the capacitance becomes 
2 pF. What is the value of x? 

(a) 2 (b) 4 (c) 6 (d) 8 


80. A parallel plate capacitor having area А and 
separated by distance d is filled by copper plate 
of thickness b. The new capacity is 


dielect 


Case V : Read the passage given below and 
answer the following questions from 81 to 85. 


Polarisation of Dielectric 
When an insulator is placed in an external field, the 


dipoles become aligned. Induced surface charges 
on the insulator establish a polarisation field E in 
its interior. The net field E in the insulator is the 
vector sum of Ёз and Ё, as shown in the figure. 


E 


ah 


On the application of external electric field, the effect 
of aligning the electric dipoles in the insulator is 
called polarisation and the field E, is known as the 
polarisation field, 


Electrostatic Potential and Capacitance 


The dipole moment per unit volume of the dielectric 
is known ая polarisation (р). 

For linear isotropic dielectrics, р-у Е, where 
у = electrical susceptibility of the dielectric 
medium. 

81. Which among the following is an example of 
polar molecule? 

(a) Os (b) Н, (c) N, (d) HCI 


82. When air is replaced by a dielectric medium 
of constant K, the maximum force of attraction 
between two charges separated by a distance 

(a) increases K times (b) remains unchanged 
(c) decreases K times (d) increases 2K times. 


83. Which of the following is a dielectric? 


(a) Copper (b) Glass 
(c) Antimony (Sb) (d) None of these 
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84. For a polar molecule, which of the following 
statements is true 7 


(а) The centre of gravity of electrons and protons 
coincide. 

(b) The centre of gravity of electrons and protons 
do not coincide. 

(c) The charge distribution is always symmetrical. 

(d) The dipole moment is always zero. 


85. When a comb rubbed with dry hair attracts 
pieces of paper. This is because the 
comb polarises the piece of paper 
comb induces a net dipole moment opposite 
to the direction of field 
electric field due to the comb is uniform 
comb induces a net dipole moment 
perpendicular to the direction of field 


2) Assertion & Reasoning Based MCQs 


For question numbers 86-100, two statements are given-one labelled Assertion (A) and the other labelled Reason (R). 
Select the correct answer to these questions from the codes (a), (b), (c) and (d) as given below. 

(a) Both A and R are true and R is the correct explanation of A 

(b) Both A and R are true but R is NOT the correct explanation of A 


(c) Ais true but R is false 
(d) A is false and R is also false 


86. Assertion (A) : When a dielectric medium 
is filled between the plates of a condenser, its 
capacitance increases. 

Reason (R) : The dielectric medium reduces the 
potential difference between the plates of the 
condenser. 


87. Assertion (A) : A capacitor is connected 
to a battery. If we move its plate further apart, 
work will be done against the electrostatic 
attraction between the plates and the energy of 
the capacitor gets decreased, 

Reason (R) : The energy stored in capacitor is 
dissipated in the form of heat energy. 


88. Assertion (A) : Circuits containing 
capacitors should be handled cautiously even 
when there is no current. 
Reason (R) : The capacitors are very delicate 
and so quickly breakdown. 


89. Assertion (A) : A capacitor can be broken 
by placing large amount of charge on it. 
Reason (R) : After breakage potential, capacitor 
is destroyed. 


90. Assertion (A) : If the distance between 


parallel pates of a capacitor is halved and 
dielectric constant is made three times, then the 
capacitance becomes six times. 

Reason (R) : Capacitance of the capacitor does 
not depend upon the nature of the material of the 
plates. 


91. Assertion (A) : Charge on all the condensers 
connected in series is the same. 

Reason (R) : Capacitance of capacitor is directly 
proportional to charge on it. 


92. Assertion (A) : Increasing the charge on 
the plates of a capacitor means increasing the 
capacitance, 

Reason (R) : Capacitance is directly proportional 
to charge. 

93. Assertion (A) : The surface of a conductor 
is an equipotential surface. 

Reason (R) : Conductor allows the flow of charge. 
94. Assertion (A) : Conductors having equal 
positive charge and volume, must also have same 
potential. 

Reason (R) : Potential depends only on charge 
and volume of conductor. 
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rtion (A) : No work is done in taking a 
P elve charge from one point to other inside a 
rely charged metallic ephere while outside 


itiv 
ihe sphere work is done in taking the charge 


toward the sphere, . А 
Reason (R) : Inside the sphere electric potential 


is same at each potential, but outside it is 
different for different points. 

96. Assertion (A): An applied electric field will 
polarize the polar dielectric material. 

Reason (R) : In polar dielectrics, each molecule 
has a permanent dipole moment but these are 
randomly oriented in the absence of an externally 
applied electric field. 

97. Assertion (A) : Electric potential of the 


earth is zero. 
Reason (R) : The electric field due to the earth 


is zero. 
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98. Assertion (A) : Capacity of a parallel plat, 


capacitor increases when distance between th, 


plates is decreased. 
Reason (R) ! Capacitance of capacitor in 
inversely proportional to distance between ther, 


99. Assertion (A) : When air between the 
plates of a parallel plate condenser is replaced 
by an insulating medium of dielectric constan, 
its capacity increases. 

Reason (R) : Electric field intensity between the 
plates with dielectric in between it is reduced. 


100. Assertion (A) : The dielectric constant for 


metals is infinity. 
Reason (R) : When a charged capacitor is filled 
completely with a metallic slab, its capacity 


becomes very large. 


Ў ANSWERS ON 


1. (d): As the electric field in the z-direction is uniform, 
equipotential surfaces are in xy plane. Hence ће potential for 
given z is constant on x-y plane, for any x in this plane and 
for any y in this plane. So all the given options are correct. 


2. (9): 1л a region of constant potential 


E= wi 0 (2 ¥=constant) 


dr 
ie. electric field is zero, so there can be no charge inside the 
region. 
3. (с): Dipole moment of each molecules = 10° C m. 
As 1 mole of the substance contains 6 x 102 molecules 
Tota! dipole moment of all the molecules 
р=6 х 1023 x 109 Cm=6x 107 Cm 
initial potential energy, О, = —pEcos 
= —6 x 107 x 10'cos0* = —61 
Final potential energy, Ш,= -6 x 107 x 107 x cos 60° =-3 J 
Work done = ~ [Change in potential energy] 
t =- |(-3)- ($) 2 - 3) 
4. (Q:Here q- 5 х 107 С,г= 10cm = 0.1 m 
Potential, VIN 3 x10? x5x107 
Ane, f 0.1 
5. (b):Work done, W= qV,- V) 24x 10? x 45 
x 10* = 1.8 x 10) 
Р =I Aid 
(c) : Here, V, duy у, Же 


=4.5х10* V 


LT 
Von 
i 0 " 
(b): Here, V = =0х10 
Алгу 


1. 4ле = 10" К 
4 А 
Now, Е = Q = Qrara = жо (Using (i) 
Amy! (Ang) (107 ) 
E = AneQx10? V m^ 
8. (b): Potential at point A is 
A 
ne 4n£Q a 
Potential at point Bis 


Work done in taking a charge Q from A to Bis 


i1 
wo -w Seli- | 
9, (b): Here, C= 16 pF = 16 х 107? F 
V=80V 


As u=scv = 5 х16х1072 x(80? 


10. (a): 100 pF 
C, 


400pF 400 pF 


p 


% C 4 400у 


C, 
Capacitance of C, = C, = 100 pF 
Capacitance of C, = C, = 400 pF 


Фестоса Potential and Capaeitanea 


Supply voltage, V = 460 V 
Capacitors С, and С, ага connected in seres, 
t I t 


Equivalent capacitance, 
C 


Capacitors C, and C ara in parallef 
Their equivalent capacitance 
C” = CC, = 200 * 100 = 300 pF 


Capacitors С” and C, ara connected in series 


Equivalent capacitance 


11. (c): The potential at any point inside а charged 

conductor 15 same as on its surface, 

у М1 
Areg лғ) «10 

Аг = 15 ст 


(^r 210 em) 


(using (i)) 


12. (a): At any point inside a charged conducting spnere, 


E=0and V= ы = potential on the surface = 100 V 


or C- Vis constant) 


13. (a): 


As the charge resides always on the outer surface of the shell, 
therefore, when the sphere and sheil are connected by a 
wire, charge will flow essentially from the sphere to the shell, 
whatever be the magnitude and sign of charge 0. 


14. (с): Аз Е, > 
2. the maximum force decreases by K times. 


15. (c) : When the two capacitors charged ta same potential 
are connected in series, then total potential difference 
Vai +h = Иж zi 


16. (a): The material suitable for using as a dielectric must 


have high dielectric strength X and large dielectric constant К, 
17. (b): Since all the capacitors are connected in series, 


^ equivalent capacitance is 


атаа = Q 1 
Qu ox 36 5 Gays ta 


i 


Charge on each capacitor is sme у= Юу) 


47 C ee gc 


18. (b): When battery is disconnected, charge remains 


irk On introducing giass slab, capacity increases 
tential Karanca and anargy stored decreases, 


19. (с): Figure shows the quar model of 
пейт 


Hore г = m 


Potential emery of neutron is 


toy 
са way * 41a * 4,44] 
n | 
(5 E 


20. (a) 


21. (b): Potentiat at the centre О cf the square due to four 
equal charges q at four comers 


22. (с): in a garatiei plate capacstor, the capacity of capacitor 
c= Ket 

4 
La. Cad 
The capacity of capacitor increases if area of the plate 15 
increased. 
23. (c) : Here, length L = 20cm 3 20 x 107 m 
inner radius f, = 15cm = 1.5 x 107m 
outer radius ⁄ = Ló cma 16 х 10? m 
cage qs 4uC s 4x 10 3C 
Capacitance, 

2a 8.85% 10 20107 


5 1.6«107 
| эюмы[ =з) 


=htxio'? Е 


24. (с): Capacitance of a parallel plate capacitor with air is 
с= 5А 


Capacitance af a same parallel plate capacitor with the 
introduction of a dielectric medium is С’ = кыл 


where K is the dielectric constant of a medium 
Є? "E E 
of aK = -一 = = 一 
С Kork 3 Sok ù 
OF e= Keg = 5x 8854 ж 1077 «04427 x I CN? тг? 


25. (b): The magnitude of the electric field between the 
plates is 


-6 
26. (b): Here r= 18cm = 18 х 102 т,9=5 х 10°C 


18x107 1 
= = 22x10 F 
As C=4TEor ох? | 
Energy of charged conductor is 

Ф _ x10)" _ 9.6955 


о 
0 f : 
E dissipated during charging а 


27. (c) : Half of the energy is 
capacitor. р : 

Energy stored in a capacitor NE 
T Energy dissipated during charging a capacitor 1 
28. (b): Here, q = 1.8 uC = 1.8 x 10 C 
qy = 2.8 1С = 2.8 x 10% С 

Е 
Е, 


e—a 


0.20 m 


мел” 
0.40 m 


Distance between the two spheres = 40 cm = 0.4m 


К 0.40 
For the mid-point, л 7 7 e uri m 


4,9, | 9x10 08€28x10 ^ 5 1x10° y 


P 0.2 


V= ЖЕ ia mal с 
4n&(PA)  4neg(PB) 


eol (aeq) 6 PA= PB= (02) + (0.2) 2028 m) 


4me,(PA) 


9 -6 
9x10 0.8€28)x10*. | rosy 
0.28 


As shown in figure, +q charge spreads uniformly on inner 
surface of outer sphere of radius г,. The induced charge -q 
spreads uniformly on the outer surface of inner sphere of 
radius n. 


mtG CBSE Board Term-I Physic; Class.» 


The outer surface of outer sphere is earthed, 
Due to electrostatic shielding 

E= 0 for r« n and Е= 0forr» 

In the space between the two spheres, 
Potential difference between two spheres, 


mE M adi 
V= ix, (i) 


(using (jy 
4-5 А 
31. (b): Electrostatic properties of a conductor are " 


follows : . ET 
(i) Electrostatic field is zero inside a charged conductor o 


neutral conductor. 

(i) Electrostatic field at the surface of a charged conductor 
must be normal to the surface at every point. 

(її) There is no net charge at any point inside the conductor 
and any excess charge must reside at the surface. 

(iv) Electrostatic potential is constant throughout the volume of 


the conductor and has the same value (as inside) on its surface, 
E(4pC) D(pC) 


XG uC) B(4pC) 
As shown in the figure, O is the centre of hexagon ABCDEF 
of each side 8 cm. As it is a regular hexagon OAB, OBC, etc, 


are equilateral triangles. А 
~ ОА= 08= 0С= 00 = ОЕ = OF- 8 т= 8 х 10m 
The potential at О is 
-6 
q _ 6%9x10? x4 x10 227x105 V 
An£yr 8x10? 
33. (b): Minimum number of capacitors in each row 


V 26x 


Therefore, 4 capacitors connected in series. 
If there are m such rows, then total capacity 
=mx2=16 
m= 16/2=8 
Minimum number of capacitors = 4 x 8 = 32 
34. (с): M —— | — > 


Infinite cylinder 


Gaussian surface 
Gaussian surface of radius г and length І. 


Flectrostatic Potential and Capacitance 


According to Gauss's theorem 


WI Wa) =~ feat = 
n 


For an equipotential surface of given V(7), 
2TE 
loge = a V-V) 
бы " етеди (0- (QA 


35. (d): Electric field, Е=-Ф or 办 < 上 
dr E 
ie., equipotential surfaces are closer in regions of large 
electric fields compared to regions of lower electric field. At 
sharp edges of a conductor, charge density is more. Therefore 
electric field is stronger. Hence equipotential surfaces are 
more crowded. 
36. (b): Before contact, charges of each spheres, 
qı = O4nR? and q; = o4n(2R) = 44 
When the two sphere are brought in contact, their charges 
are shared till their potentials become equal i.e., V, = V}. 
а ___4 
4TEoR 4neg(2R) 


e 04-24 „4 
As there is по loss of charge іп the process 
^ d*di7q*4 = +441 7 5a = 5(04nR”) 


or d[*2dj-5c4nR" (using (1) 


9 2 ? 25, L 2 
{= 504nk? апд = 24[- = (сала?) 
-36 and с,=—2— aig 
3 4n(QR) 6 
37. (d): In the region of strong electric fields equipotential 
surfaces are close together and in the region of weak electric 


fields, equipotential surfaces are far apart. 
38. (с) 
39. (b): Here, Vj = V, 


Given В, > В, 
^ Q4 
2. Larger sphere has more charge than the smaller sphere, 
Now charge densities 
4 4› 

o =—“L апіс = ——— 

алд 2 4л! 
a ao nR 

9 4 [x 
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(using (i)) 


As R, >R, therefore o; > су 

Charge density of smaller sphere is more than the charge 
density of larger sphere. 

40. (b): Here, inner radius, г, = 10 cm = 10 x 1072 m 
Outer radius, г, = 11 cm = 11 x 1072 m 

Charge, 9 = 3.2 pC = 3.2 x 10$ C and e, = 28 
Capacitance, 

28x10x10? x11 x10 


C=4ne, EE = 1 
(11-10)x107 


(9-7) ~ 9x10? 
=3.42 x 10°F 
41. (с) : To get equivalent capacitance 6 pF, two 4 pF 
Capacitors are to be connected in series and third one is 


connected in parallel. 
4 uF 4uF 


ice 


From figure, equivalent capacitance, 
4x4 

C, = 一 一 +4=2+4=6 

9 4+4 E E 


42. (b): 4 


is |" 
| Ik h 


As the capacitors are connected in parallel, therefore potential 
difference across both the condensors remains the same. 


C 
=V n= SV 


Aso q=q +Q =CV+ £y = sev 


Work done in charging fully both the condensors is given by 


yatx{3cv)y »3cy? 
2 4 


wet 
2 2 


43. (b): As, с= 51 Ai) 


When it is half filled with dielectric of K = 5, its capacitance 
becomes C, which is a series combination of 
Кед 6514 04 GG 


С=З TK йб 


(Using (i)) 


Percentage increase in capacitance 


5 
=c-C AES 
C.-C уло == x100=5%100 = 66.6 Й 
Ё i itance €; is 
capacitor of capacitance 1 
p tor of сара apa 


in parallel to an uncharge j j 
yee till both attain the 


common potential which is фе by { 


45. (d) | 
46. (а): Riarlecjs have permanent elec рде momen 
47. (b): When electric dipole is held in the sphere, oe 
field is not zero anywhere on the sphere. However, net ele 
flux through the sphere is zero. i 
48. (a): Here, length of dipole, 2a = 20 em = 20 x 10“ т 
Charge 0 = +3 х 103 C, 6 = 60° and torque t= 6 N m 
As т = pEsino 

т T 
o E= ino q(2a)sin® 

6 _10° 
3xij3x20x107xsimé* 543 


Potential energy of dipole, U = -pEcos® = -q(2a)Ecos 


1 
AES NC 


10° 3 
z-3x10?Q0x10 7) ons 60 


-5 = 
_ 23x10 х20х10 5] 
5 5x2 


49. (0) : Here, 2a = 1.38 x 10° т,г= 10x 107 m 
charge, q = 1.6 x 107? C 


9x10? x1.6x1079 x1.38x10 7° 
(10х107'9)? 


50. (c) : In moving a small positive charge from Q to P, work 
has to be done by an external agency against the electric field. 
Therefore, work done by the field is negative. 

51. (0) : The capacities of two individual condensers are 

КА 
d, d, 

The arrangement is equivalent to two capacitors joined in 
series. 


=02V 


А В Pe d. 
-, Equivalent capacitance, — = 一 + 一 = + 一 之 
C4, C, C; KA Kye 


Е a 
EAL КК; 


„a (i) 


КА - 
Also C, = А 
S 4+4, i) 
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From eq. (i) and (ii), A 


KK =E04 
£94 hr d,* d, 


K Kalda th 
. Ke 


ur dK, *dKi 


52. (d) 
53, (a): Here d; = 4 нС, 9 = – 30С,7= 10 т= 01, 


rostatic potential energy, 
Elect Deter 


1 942 =9x10?x "m 


Tc 
54. (a) AER 
55. (b): Here, б, and С, are in series. Hence, their effect, 


capacitance C" is given by 
1 lA, 
CG aC 

= C'=10pF 
M. е 
Similarly, cS С, 


=-11] 


1 
c - 10 * 10 => 5 pF 
Here C’ and C” are in parallel. Hence, the equivalent 
capacitance between points Aand Bis 
Cyg= C + С" = 10+5= 15 pF 
56. (с) : Initial energy of the combined system 

ПА =5ст «gcn! - en) 

On joining the two condensers in parallel, common potential 
CHh*CV, nith 

Суб, 2 
-Final energy of the combined system 


^ 
E ith) 
U- TOT ; 
Decrease in energy 
1 
AU -u, 1с?) 100] 
C 2 
- Sb +02)-(и +7) ] 


C Є, 2 
= re ear -n -r -2у ]=-(И-Һ) 


y= 


in) 
2 


57. (c) : SI unit of electrostatic potential is volt. 
1 1 joule joule 
volt = 一 一 一 一 = 一 一 一 一 
1coulomb coulomb 


As shown in figure, the disc is in touch with the bottom plate. 
The electric field on the disc is E = Vid 


Electrostatic Potential and Capacitance 


Therefore, charge q transferred to the disc 


V 
^s - £94 y - c Ly] 
4 = СИ 的 | 7 


Force acting on the disc, F = ФЕ = («5 


If the disc is to be lifted, F 2 mg, 


2 = mg (for minimum V) 


mgd 2 
V= т 
лр 


59. (c) : Work done on a unit charge +g by the electrostatic 
field due to any given charge configuration is independent of 


the path, and depends only on its initial and final positions. 
60. (а) : Work done is equal to zero 
because the potential of АО, @ 
Aand Bare the same = A4 
4n£o a 
No work is done if a particle 
does not change its + 
potential energy. 
ie, initial potential energy = final potential energy 
61. (с) 62. (b) 


63. (a): Since, E = 0 inside the conductor and has no 
tangential component on the surface, no work is done in 
moving a small test charge within the conductor and on its 
surface. 

64. (b): The work done in bringing unit positive charge from 
infinity to a point which is at a distance x from the positive 
charge Q is defined as the potential at the given point due 
to the charge Q. Therefore = W. 


65. (b): Wi. = 9oAV 


66. (c) : As T + the negative of the slope of V 
r 


versus rcurve represents the component of electric field along 


г. Slope of curve is zero only at point 3. 
Therefore, the electric field vector is zero at point 3. 


67. (a): Near positive charge, net potential is positive and 
near a negative charge, net potential is negative. Thus, charge 
Q, is positive and Q, is negative. 

68. (b): From the figure, it can be seen that net potential 
due to two charges is positive everywhere in the region left 
to charge О). Therefore the magnitude of potential due to 
charge О, is greater than due to О). 

69. (b) 


70. (с) : It can be seen that potential at the points both A 
and В are zero. When the charge is moved from A to B, work 
done by the electric 


71. (b) : Here C= 50pF = 50 х 107 E 


R= — -C 29x 10? mF! x 50x 10772 E 
4720 

= 45 х 107 т = 45 ст 
72. (d): As = CV=25 х 10°? x 109 = 25 pC 
73. (c) 
74. (с): As charge, g = CV = (4x, V 
л qdepends on both V and А. 
75. (с): 64 drops have formed a single drop of radius А. 
Volume cf large sphere = 64 x Volume cf small sphere 


^ 3a eei Tar => R=4randQ_,=649 


C =4 R > C'-(4129)4r = C'-4C 

: ith di x 
te 
Capacitance without dielectric 


80 
-8LF _ 50 


"UE 
71. (с): Capactance of the capacitor with air between plates 
£g 8 oF 


d 
With the capacitor is filled with dielectric (k = 5) between its 
plates and the distance between the plates is reduced by half, 
capacitance become 


d/2 d/2 
78. (d) : if a dielectric medium of dielectric constant K 
is filled completely between the plates then capacitance 


increases by K times. 


79. (b): As c-9* =1pF 0) 


2х4 _ 
C= Qi) =2 pF m- (ii) 
Divide (1) by (0, 22 2/1 > x=4 


80. (c) : As capacitance, © 84 
а 

<- After inserting copper plate, Ced i 

81. (d) : In polar molecule the centres of positive and 

negative charges are separated even when there is no external 

field. Such molecule have a permanent dipole moment, lonic 

molecule like НСІ is an example of polar molecule. 


82. (c): As E, -全 
7 The maximum force decreases by K times. 


-— ae 


& orig Ree mim 


wee m n a ty 


-ww Cvm 
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m QA polar molecule is one in which the centre of 


gravity for positive and negative charges аге separated. 


85. (a) фы 
үте dielectric molecules are рона, 
кы ree Feld. Thus the effective electttc 
hence the potential di Nee 
and consequently the capacitance iS jncreas bert: 
87. (b): When the plates of a Capaditer are mov Mb 
арац, the capacitance gets decreased. As battery rel pe 
connected, hence charge A= CV) on the Ls retia S 
U = [U2 CV] also decreases i 
e flows P the battery ie some energy of capacitor 


: inst electrostatic 
is transferred to the ce of energy 


y in connection 


i 


(9: capacitor, after removing the battery. 
чейн е еч itself, tf this capacitor 15 touched by 
someone, he may feel shack due to large charge still presen 
on the capacitor. Hence it should be handled cautiously 
otherwise this may cause a severe shock. эр 

-When large amount of charges are placed on 
pant жен seta difference is established between 
its conducting components. If this potential difference is 
above what is called breakage potential, an electric discharge 
results, destroying the capacitor, If the capacitor contains an 
insulator between its conducting components, the insulator 
will be bumt at the atomic/molecular level. A capacitor 
Subjected to voltage exceeding the breakage potential cannot 
be recovered. It should be discarded and replaced. 

90. (c) : The capacitance C, with dielectric between the 
piates is given as 


d 


AS ear ood = 3K then new capacitance becomes 


(shape, size, separation) of the system of two conductors. 


91. (с) : Let two capacitors be connected in series. If +9 
charge is installed on left plate of the first capacitor then -9 
charge is induced on right plate of this capacitor. This charge 
comes from electron drawn from the left plate of second 
capacitor. Thus there will be equa! charge «qon the left plate 
of second capacitor and -q charge induced on the right plate 
of second capacitor Thus each capacitor has same charge (9) 
when connected in series. Capacitance is quantity dependent 
on construction of capacitor and independent of charge. 


92. (d): On increasing the charge, potential increases. But 
capacity of a capacitor is fixed by geometry of condenser 
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Ca А Capacitance is independent of charge, 
d 


Tent 
M 
SC Qn 
hich the ро stan 
s RN surface, ed 
94, (d): Electric potential of à charged conductor depeng 
not only on the amount ol charge and volume but also on the 
shape of the conductor, Hence it theit shapes are different 
they may have ditferent electric potential, 
95. (a): Inside the charged metallic sphere every Point 
is at the same electric potential, hence W = QV = 9 
But outside the sphere, there exists a potential gradient a 
avery point, hence We 0. | 
96. (b): lf a material contain polar molecules, they will 
generally be in random orientati NS When no electric field i 
applied. An applied electric field will polarize the material by 
orienting the dipole moment of polar molecules, 


97. (с) : Earth is а good conductor of very large size, When 
some small charge is given to earth, its potential does nar 
change. Hence potential of earth is assumed to be zero, lt 
just like sea level which does not alter materially when wate 
is added to it or removed from it. Thus, the potential of al! 
other bodies are measured with reference to the earth, у 
this, if the connection of a charged body to the ground by a 
metallic conductor would cause electrons to flow to that bagy 
from ground, the body is at positive potential. Conversely, 
is also true, In either case the conductor is neutralized and 
brought to zero potential. In fact the atmosphere does possess 
significant electric field. 

98. (а) : Capacitance of parallel plate capacitor is С = S 
Thus distance decreases and capacitance of capacitor increases 
99. (a): The capacity of a parallel plate condenser is given hi 


18 ) 
Electric field intensity becomes К times [as К = EVE}. 


therefore potential V also becomes 1/K times. | 
Hence, from equation (i) capacity becomes K times, Thus electric 
field decreases and capacitance increases when condenser s 
filled with insulated medium of some dielectric constant, 
100.(c) : The capacitance of a capacitor filled partially with 
a dielectric of thickness t given by 


EgA 
C= 0 i 
d—t[t-1/K] 
d-t ` | 
Now if the capacitor is filled completely with a metallic = 
then f= d, 2. C= «c ie, when a charged capacitor fi 


fully with a metallic slab, then capacitor is short circuited (ё. 
it will no more work as a capacitor, 


For metals, К= о, „. 


ooo 


Current Electricity 


EZ) Recan Notes 


Electric current : It is defined as the rate 
of flow of electric charge through a eroas- 
section of the conductor, [= ^ 
D 
Ifthe current is steady Le. it does not change 
with time, then 
tet 
t 
where q is the charge that flows across the 
cross-sectional area in time ё, 
> Current is a scalar quantity It is not a 
vector quantity as it does not follow the 
laws of vector addition, 
> Slunit and dimension : 
- The dimensional formula of current is 
ТЫЧ 
- The ST anit of current is ampere. It 
is denoted by symbol A, It is also a 
practical unit of current. 
QC o a 
lAx Ds 25 10" electrons’s 
> Conventionally, the direction of current 
is taken to be the direction of flow af 
positive charges, Since electrons ate 
negatively charged, hence their direction 
Will be opposite to that of the conventional 
current flow. 
> [п particles, each having a charge 9 
cross through a given area in time ё, then 


1= 


> The ‘current is the same for all cross. 
section af a conductor of non-unitorm 
cross-section, 
> Current in different situations is due to 
motion of different charge carriers, 
- Current iu conductors and vacuum 
tubes is due to motion of electrons. 


In electrolytes due to matan of beth 
positive and neyative топа, 

ln serneonductors due to motion of 
electrons and helex. 

[а discharge tube (containing atomie 
gases) due to motion of positive fens 
and negative electrons, 


Current density : Current denzity at a 
potat inside the conductor is dened as the 
amount of current flowing per unit area 
around that point o£ the conductor, provided 
the aren is held in a direction normal to the 
current, It is denoted by sxmbol s 

Ц 


ра = 


A 
If area А is not normal to the current but 
makes an angle Ө with the dimectien of 
current, then 


EE ge: CP 
Awsd 


> Current density is а vector quantity. 
> SlunitisÀm^, 

Dimensional formula is (WLP AL 
Drift velocity : It is defined as the average 
velocity with which thee electrons get drifted 
towands the positive end o£ the conductor 
under the influence of an external electric 
field, 
> Drift velocity of electrons is given dy 

" Ù 

Ya Ж X 

where e is the change on electron, os ix the 

mass e£ the electron, Ё is the electric field 

applied and tis the time of хера, 

-ve sign shows that dri velocity: of 

electrons is in a direction opposite to that 

of the external electric field, 


Drift velocity depends on electric field as 
va = E. So greater the electric field, larger 
will be the drift velocity. E: А 
Unit of drift velocity is m 5 and its 
dimensions is ML TJ. 
Relationship between current an 
velocity 


1=пАе vg | 
where п is the number density of electrons 


or number of electrons per unit volume of 
the conductor and A is the area of cross- 
section of the conductor. ; 
Relationship between current density and 
drift velocity 
j=nevg i 
where symbols have their usual meaning. 
Mobility : It is defined as the magnitude 
of drift velocity per unit electric field. It is 
denoted by symbol p. 
1041 gEt/m qt 
=E= ш 
where q, т and m are charge, relaxation time 
and mass of a charge carrier respectively. 
> The SI unit of mobility is m? Ү-! s! and 
its dimensional formula is [M-!L?T?A]. 
Ohm's law : It states that the current (Г) 
flowing through a conductor is directly 
proportional to the potential difference (V) 
across the ends of the conductor, provided 
physical conditions of the conductor such 
as temperature, mechanical strain etc. are 
kept constant. 
Væl or VeRI 
where the constant of proportionality R is 
called resistance of the conductor. 
» The graph between potential difference 
(V) and current (J) through a metallic 
conductor is a straight line passing 


through the origin as shown in figure. 
The reciprocal of slope of line gives 


resistance. 
Ки e dm 
“T апд (slope of l-V} 
1 


а drift 


Море = tan 
‹ V 


> The resistance of a conductor is 


obstruction posed by the conductor to the 
flow of current through it, 


» 


» 
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The SI unit of resistance is ohm (Q) a 

its dimensional formula is [ML?T-3 "o 

The resistance of a conductor is $ 
1 т 


where p = 一 二 
d пет 


where m is the mass of electron, e is charge 
of electron, n is the number density ef 
electrons, т is the relaxation time, is the 
length of conductor and A is its area of 
cross-section, p is the specific resistance 
or resistivity of the conductor. 
Resistivity : The specific resistance offered 
by the conductor of unit length and unit 
cross-section area. It is denoted by p. 
- The SI unit of resistivity is Q m and its 
dimensional formula is [ML?T3 А-2], 
If the conductor is in the form of wire of 
length Г and a radius г, then its resistance 
is 


pl 
R=- 一 
nr? 


If a conductor has mass m, volume V and 
density d, then its resistance R is 


m 
If length of a given metallic wire of 
resistance R is stretched to n times, its 
resistance becomes n?R but its resistivity 
remains unchanged. 
If radius of the given metallic wire 
of resistance R becomes n times, its 
resistance becomes (1/n*)R. 
If the area of cross-section of the given 
metallic wire of resistance R becomes n 
times, then its resistance becomes (1/n2)R. 
Conductivity : The reciprocal of 
resistivity is known as conductivity or 
specific conductance. It is denoted by 
symbol o. 
1 рг 

- Тһе SI unit of conductivity is ОГ! m"! or 

S m^! or mho m! and its dimensional 

formula is |M-!L?T3A?]. 


Relationship between J, c and E 


j*oE 


It is a microscopic form of Ohm's law. 


Ohmic and non-ohmic conductors 


> Ohmic conductors : Those conductor? 
which obey Ohm's law аго known 85 


Current Electricity 


ohmic conductors, e.g. metals. For ohmic 
conductors, the graph between current 
and potential difference is a straight line 
passing through the origin. 
Non-ohmíc conductors : Those 
conductors which do not obey Ohm’s law 
are known as non-ohmic conductors e.g. 
diode valve, junction diode. 
For non-ohmic conductors, the graph 
between the current (J) and potential 
difference (V) has one or more of the 
following characteristics: 
- The relation between V and I is 

non-linear. 

1 


V 
- The relation between V and J depends 
on the sign of V. 
I (mA) 


T (uA) 
- The relation between V and I is not 


unique, i.e., there is more than one 


value of V for the same current Z. 
I (mA) 


Effect of temperature on resistance and 
resistivity 
> The resistance of a metallic conductor 
increases with increase in temperature. 
> The resistance of a conductor at 
temperature ¢°C is given by 
R, = Rg (1 + 00) 
where R, is the resistance at t °C, Ry 
is the resistance at 0°C and « is the 
characteristics constants of the material 
of the conductor. 
- Over a limited range of temperatures, 
that is not too large. The resistivity of 
a metallic conductor is approximately 
given by p, = po(1 + 002). 
where a is the temperature coefficient 
of resistivity. Its unit is K^! or Co}. 
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- In the temperature range in which 
resistivity increases linearly with 
temperature, the temperature 
coefficient of resistivity a is defined 
as the fractional increase in resistivity 
per unit increase in temperature. 

For metals, а is positive ie., resistance 

increases with rise in temperature. 

For insulators and semiconductors, @ is 

negative Le., resistance decreases with 

rise in temperature. 

Cells, emf, internal resistance 

> Electrochemical cell : It is a device 
which, converts chemical energy into 
electrical energy, maintains the flow of 
charge in a circuit. 

Electromotive force (emf) of a cell 

- It is defined as the potential difference 
between the two terminals of a cell in 
an open circuit ie., when no current 
flows through the cell. It is denoted by 
symbol £. 

- The SI unit of emf is joule/coulomb or 

volt and its dimensional formula is 
[ML?T3a-!, 
The emf of a cell depends upon the 
nature of electrodes, nature and the 
concentration of electrolyte used in the 
cell and its temperature. 

» Terminal potential difference : It 
is defined as the potential difference 
between two terminals of a cell in a 
closed circuit i.e., when current is flowing 
through the cell. 

> Internal resistance of a cell 
- It is defined as the resistance offered 

by the electrolyte and electrodes of a 
cell when the current flows through it. 

- Internal resistance of a cell depends 
upon the following factors: 

Distance between the electrodes. 

The nature of the electrolyte. 

The nature of electrodes. 

Area of the electrodes, immersed in the 

electrolyte. 

> Relationship between t, V and r: When 
a cell of emf £ and internal resistance г is 
connected to an external resistance R as 
shown in the figure, 

The voltage across R is 


vvu ree i 


During discharging of a cell, киш 
potential difference = emf of a ce 
voltage drop across the internal resistance 
of a cell. i.e., terminal potential difference 
across it is less than emf of the cell. The 
direction of current inside the cell is from 
negative terminal to positive terminal. 
During charging of a cell, terminal 
potential difference = emf of a cell + 
voltage drop across internal resistance 
of a cell i.e., terminal potential difference 
becomes greater than the emf of the cell. 
The direction of current inside the cell 
is from positive terminal to negative 
terminal. 


e Grouping of cells : Cells can be grouped in 


the following three ways: 

Series grouping 

Parallel grouping 

Mixed groupin 

> Бе» oping : If n identical cells 
each of emf є and internal resistance г 
are connected to the external resistor of 
resistance R as shown in the figure, they 
are said to be connected in series grouping. 

‘ar ter ee 


a CIA >, 


R 


feq 


.. Current in the circuit, I= 
Special cases : 


- IfR<<nr, then 1= "=. 
nr r 


=ne and г, = nr 
nt 
R+nr 


- IfR>>nr, then 120. 


> Parallel grouping 


: If m identical cells 
each of emf € and 
internal resistance r 
are connected to the 
external resistor of 
resistance R as shown 
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in figure, they аге said to be connecteg in 
parallel grouping. 

te 
e =e and "47, 


eq m А 4 
. The current in the circuit, 1- — 


a) 
Special cases : m 

L <<R, then 17. 
-If m 22 К 


L >>R, then 1= т, 
Haw r 


Mixed grouping a If the cells an 
connected as shown in figure they are sai d 
to be connected in mixed grouping. Let 

* there be n cells in series in one row and m 
such rows of cells in parallel. Suppose all 
the cells are identical. Let each cell be of 
emf £ and internal resistance r. 


ne 


mta 


In case of mixed grouping of cells, current 
in the circuit will be maximum, when 
к=! 

m H 
ie. external resistance = total internal 


resistance of all cells 


Kirchhoff's laws : Kirchhoff in 1942 put 

forward the following two laws to solve the 

complicated circuits. These two laws are 

stated as follows : 

> Kirchhoff's first law or Kirchhoffs 
junction rule or Kirchhoff's current law: 

It states that the algebraic sum of the 

currents meeting at a junction is zero. 

- Kirchhoff's first law supports the law 
of conservation of charge. 

- According to sign convention the 
current flowing towards a junction 
is taken as positive and the current 
flowing away from the junction is taken 
as negative. 

Kirchhoff's second law or Kirchhoff's loop 

law or Kirchhoff's voltage law : It states 

that in a closed loop, the algebraic sum 


Current Electricity 


of the emfs is equal to the algebraic sum 

of the products of the resistance and the 

respective currents flowing through them. 

Le = XIR 

- Kirchhoff'* second law supporta the 
law of conservation of energy. 
According to sign convention while 
traversing a closed loop (in clockwise 
or anti-clockwise direction), if negative 
pole of the cell is encountered first then 
its emf is positive, otherwise negative. 
The product of resistance and current 
inan arm of the circuit is taken positive 
if the direction of current in that arm 
is in the same sense as one moves in 
a closed loop and is taken negative if 
the direction of current in that arm is 


opposite to the sense as one moves in 
the closed loop. 


Wheatstone bridge : It is an arrangement 


of four resistances P, Q, R and S connected 
as shown in the figure. 


Their values are so adjusted that the 
galvanometer G shows no deflection. The 
bridge is then said to be balanced. When this 
happens, the points B and D are at the same 
potential and it can be shown that 


PR 


Qs 

This is called the balancing condition. If any 
three resistances are known, the fourth can 
be found. 


Meter bridge or slide wire bridge 
> Itis based on the principle of Wheatstone 


bridge. А 


Wire AC is 1 m long. К is a resistance to be measured 
and 5 is a standard resistance of known value. 
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51 


100-1 
Lis the balancing length of metre bridge. 


» The unknown resistance, R= , where 


Potentiometer 

> Principle of potentiometer : It is 
based on the fact that the fall of potential 
across any portion of the wire is directly 
proportional to the length of that portion 
provided the wire is of uniform area of 
cross-section and a constant current is 
flowing through it. 
i.e., V =l (ТЇЇ and A are constant) 
or V- KI 
where K is known as potential gradient 
i.e., fall of potential per unit length of the 
given wire. 
Comparison of emfs of two cells by 
using potentiometer 


K, 
Gisa galvanometer and R, is 
rheostat. 1, 2, 3, are terminals 
of a two way key 
= Д 


t h 
where Гу, l, are the balancing lengths of 
potentiometer wire for the emfs sl and ғ, 
of two cells respectively. 

» Determination of internal resistance 


of a cell by potentiometer 


where/, =balancinglength ofpotentiometer 
wire corresponding to emf of the cell, 
l, = balancing length of potentiometer 
wire corresponding to terminal potential 
difference of the cell when a resistance R 
is connected in series with the cell whose 
internal resistance is to be determined. 
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Joule’s Law of Heating : According = 
Joule' heating effect of current, the amou л 
of heat produced (FH) in a conductor ° 
resistance R, carrying current 1 for time t 18 
Н = ГЕ: Gn joule) 


PM i 
x us UR (in calorie) 


where J is Joule's mechanical equivalent of 
heat (= 4.2 J/cal). 

Electric power : It is defined as the rate 
at which work is done by the source of emf 
in maintaining the current in the electric 


. 


circuit. 
vlectric work done 
Electric power P = ee - 
> yt 
PeVil«[Re F 
> 51 unit and Dimensions : 
- The SI unit of power is watt (W). 
- The practical unit of power is kilowatt 
(kW) and horse power (hp). 
~ Dimension of power (ML? Т? A?) 
» Power dissipated in connecting wires, 
which is wasted is P, given by 


一 
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РЫР, Р, аге the powers of ele. 
к appliances in series with source of tated 
voltage У, the effective power consumed ;, 


xh 

If Py. Po P, are the powers of electi. 

appliances in parallel with а soure 

of rated voltage V, the effective Power 

consumed is 

Pp e Р, + Р, + Р, + ..... 
Electric energy : It is defined as the tota] 
electric work done or energy supplied by the 
source of emf in maintaining the current in 
an electric circuit for a given time. 
Electric energy = electric power x time = P x¢, 


» The SI unit of electrical energy is joule (J), 


» The commercial unit of electric energy is 
kilowatt-hour (KWh), 
1 kWh = 1000 Wh = 3.6 x 10 J = one unit 
of electricity consumed. 

» The number of units of electricity 
consumed is n = (total wattage x time in 
hour)/1000. 


Practice Time e 


>) Multiple Choice Questions (MCQs) 


1. The direction of the flow of current through 
electric circuit is 

(а) fram low potential to high potential 

(b) from high potential to low potential 

(c) does not depend upon potential value 

(d) current cannot flow through eireuit 


2. Inthe circuit shown, current flowing through 
25 V cell is 


юу юм} 25 vf 


sal was saj uag 


(a) 72А (b) 10A 
(c) 12A (d) 14.2A 


3. In a Wheatstone bridge if the battery 
and galvanometer are interchanged then the 
deflection in galvanometer will be 

(a) change in previous direction 

(b) not change 

(c) change in opposite direction 

(d) none of these. 


4. Which of the following velocity of electrons 
determines the current in a conductor? 

(a) Drift velocity only. 

(b) Thermal velocity only. 

(c) Both drift velocity and thermal velocity. 

(d) Neither drift nor thermal velocity. 


5. Ina potentiometer of 10 wires, the balance 

point is obtained on the 7% wire. To shift the 

balance point to 9 中 wire, we should 

(a) decrease resistance in the main circuit 

(b) increase resistance in the main circuit 

(c) decrease resistance in series with the cell 
whose emf is to be measured 

(d) inerease resistance in series with the cell 
whose emf is to be determined. 


6. The resistance of the wire in the platinum 
resistance thermometer at ice point is 5 Q and at 
steam point is 5.25 Q. When the thermometer is 
inserted in an unknown hot bath its resistance 


is found to be 5.5 9. The temperature of the hot 
bath is 


(a) LPC thi 20076 бер OPC (d) HOE 


7. Which of the following LV graph represents 
for ohmie conductors? 
la 


8. In parallel combination of л ceils, we obtain 
(a) more voltage (b) more current 
(с) lesa voltage íd) less current 


9. Ifa cells each of emfz and internal rexistance 
r are connected in parallel, then the total emf 
and internal resistances will be 


(a) e% (b) anr 


n 


(c) x (di naar 
2 

10. In the series combination of т cella each cell 
having emf and internal resistance r. If three 
cells are wrongly connected, then total emf and 
internal resistance of this combination will be 
(a) ng (nr = 3r) (b) (ља 一 2e) ar 

(c) (ng — Az), ar (d) (nz — бе), ar 


11. 1 Ampere current ix equivalent to 

(a) 6.25 « 10:% electrons s^! 

(b) 2.25 « 10' electrons a^! 

(c) 6.25 х 10°* electrons ж! 

(d) 2.25 « 10!* electrons a^! 

12. A current in a wire is given by the equation, 
I = 2r* — 3t + 1, the charge through crosa section 
of wire in time interval ё = 38to£2538is 

(a) 32.33 C tb) 43.34 € 

(e) 45.5 С (d) 42C 

13. A current carrying wire in the shape of a 
cirele as the current progresses along the wire 
the direction of eurrent density changes in 
an exact manner while the current J remains 
unaffected, The responsible factor for it is 


the charges ahead. 
skavi field produced by charges 


accumulated on the surface of wire. 
the charges just behind a given segment of 
wire which push them. Just right way 5) 
repulsion. 
(d) none of these. 
14. The J-V characteristics 
shown in figure is represent for 
(a) ohmic conductors 
(b) non-ohmic conductors 
(c) insulators 
(d) superconductors. 
15. The electrical resistance of a conduc 
depends upon 
(a) size of conductor 
(b) temperature of conductor 
(c) geometry of conductor 
(d) all of above. | 
of a trunk has an emf o 
Sev cd resistance of the battery is 
0.8 Q. What is the maximum current that can be 
drawn from tbe battery ? 
(a) 30A (b) 32A (с) 33A (d) 34A 


17. A battery having 12 V emf and internal 
resistance 3 Q is connected to a resistor. If the 
current in the circuit is 1 A, then the resistance 
of resistor and lost voltage of the battery when 
circuit is closed will be 

(а) 7,7 V (b) 80,8V 

(с) 90,9V (d) 90,10 V 

18. Асе having an emf £ and internal resistance 
r is connected across a variable external 
resistance R. As the resistance R is increased, 
the plot of potential difference V across R is 
given by 


tor 


K K 
19. A uniform wire of length / and radius r has 
a resistance of 100 ©. It is recast into a wire of 


poly К У 1 
radius 5. The resistance of new wire will be 


2 
(a) 4002 (b) 1009 (c) 2000 (d) 16002 
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ange of resistivity for metals is 
(уто 104 0 т 
1o mto 107 tm 
*gmtol10* Qm 
10 Am 


20. R 
(a) 10 
(b) 10 
(с) 10 
(d) 1079 f) m to | 
21. Which of the following ія correct fop ы 
graph а good conductor? 


r 5 
j^ 
(a) (b) 
1 | 
[4 
^ 
(c) (d) 
1 I 
22. A charged particle having drift velocity of 
7.5 x 10% m s^! in electric field of 3 x 10719 y gi 
mobility is a 
(a) 6.5 x 10* m? V`} s7 
(b) 2.5 х 106 m? У-! вт! 
(с) 6.5 х 108 m? V~! в"! 
(d) 6.5 х 10* m? V~} вт! 
23. The resistance of a 10 m long wire is 10 9. 
Its length is increased by 25% by stretching the 
wire uniformly. Then the resistance of the wire 
will be 
(а) 12.5 Q (b) 14.5 Ф (c) 1560 (d) 1669 
24. A wire has a resistance of 2.5 Q at 28 °C and 
a resistance of 2.9 О at 100 °C. The temperature 
coefficient of resistivity of material of the wireis 
(а) L06x 107 °С-1 (b) 3.5 x uo 
(с) 2.22 х 10-3 °С-1 (4) 3.95 x 10°? °C"! 
25. Variation of resistance of the conductor 


with temperature is as shown. The temperature 
coefficient (a) of the conductor is 


Slope = m 


(b) mRy 


(c) т?к, 


26. An electric bulb marked as 50W-200V is 
connected ncross a 100 V supply. The present 
power of the bulb is 


(a) 37.5 W (b) 25 М (c) 125 № (d) 10W 
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17. Resistances Р, 6, S and R are arranged in 
а cyclie order to form a balanced Wheatatone'a 
network The ratio of prewar consumed in the 
branches (FP Сапат « Sita 


(a) 1:1 (b HOP te P qi (dy PA. А? 


18. Four resistances of 3,3, 3 and 4 CI respectively 
are used to form a Wheatstone bridge The 4 @ 
resistance ia short circuited with a resistance R 
in order to get bridge balanced value of R will be 


(a) 100 (bl (ср 1202 td) ta 


29. In the given figure bridge is balaneed, the 
current flowing through 2 (1 resistance із 


(с) B. 


(a) 2 


lox (b) ba 
7 7 
30. The temperature dependence of the 
resistivity of a semiconductor is given by 


Resistivity т; 


Rexistivily © 


T T 


Temperature Temperacure 


31. In a Wheatstone’s network, P= 22, Q=2Q, 
R=2QandS = 3 О. The resistance with which 
S is to be shunted in order that the bridge may 
be balanced is 

(a) IQ (20 (с) 40 (d 6Q 


32. In a potentiometer a cell of emf 1.5 V gives 
a balanced point at 32 em length of the wire. 
If the cell is replaced by another cell then. the 
balance point shifts to 65.0 em then the emf of 
second cell is 

(a) 3.05 V (b) 2.05 V (е) 405 V (d) 605 V 


33. In a potentiometer the balancing with a 
cell i3 at length of 220 cm. On shunting the cell 
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with à resistance of 3 0 balance length becomes 
110 em, What ie the internal resistance of this 
call ? 


ta) SAF (i750. (i GSO td? 2080 


24. Figure (y; and figure (ii) both are showing 
the variation of resistivity (prwith temperature 
T) for some materials. identify the type of these 
materials. 


агызу» Шр} 


Teengeesponm UK > 
(i) 
fa) Conductor and semi conductor. 
(b? Conductor and Ingalator. 
(e) Insulator and semiconductor. 
(d) Both are conductors. 


35. With increase 

conductivity of 

(a) metals increases and of semiconductor 
decreases 

(b) semiconductors increases and of metals 
decreasea 

(e) inboth metals and semiconductors increases 

(d) in both metal and semiconductor decreases, 


36. Abattery of emf 15 V and internal resistance 

of 4 Q is connected to a resistor. [f the current 

in the circuit ia 2 A and the circuit is closed. 

Resistance of the resistor and terminal voltage 

of the battery will be 

(a) 250,6V (b 350,6V 

(с) 250,7V id) 350,7V 

37. Point out the right statements about the 

validity of Kirchho(f's junction rule. 

(a) It is based on conservation of charge. 

(b) Outgoing currents add up and are equal to 
incoming currents at a junction, 

(c) Bendingorreorientingthewiredoesnotchange 
the validity of Kirchhoff's junction rule. 

(d) All of these. 


38. The resistance of a heating element із 99 Q 
at room temperature. What is the temperature 
of the element if the resistance is found to be 
116 Q? (Temperature coefficient of the materíal 
of the resistor із 1.7 x 10740 °C} 


in temperature the 
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(а) 999.9 °С 
(с) 1020.2 °С 


39. 3V potentiometer us 
of internal resistance ofa ) 
point of the cell in open circuit 1: 
a resistor of 10.2 9 is used i 
circuit of the cell the balance | 
68.3 cm length of the potentiometer wire. 
internal resistance of the cell is 
зу 


(b) 1005.3*C 
(d) 1037. 1*C 


edforthe determination 
2.4 V cell. The balance 
tis 75.8 cm. When 
n the external 


1020 
(a) 2.50 (b) 2.25 Q 
(с) 1120 (d) 3.20 
40. АВ is a wire of potentiometer 
increase in the value of resistance R, 
in the balance point J will be 


with the 
the shift 


(a) towards B 

(b) towards A 

(c) remains constant 

(d) first towards B then back towards A. 


41. A wire connected in the left gap of a meter 
bridge balance a 10 Q resistance in the right gap 
to a point, which divides the bridge wire in the 
ratio 3 : 2. If the length of the wire is 1 m. The 
length of one ohm wire is 

(a) 0.057 m (b) 0.067 m 

(c) 0.37 m (d) 0.134 m 


42. Five cells each of emf E and internal 
resistance r send the same amount of current 
through an external resistance R whether the 
cells are connected in parallel or in series. Then 


the ratio (5) is 


fA ai 
(a) 2 (b 5 (d) 1 


1 
(с) 5 


43. A of battery 7 V with internal resistance 
3 О and a 3 V battery with internal resistance 
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Q 
1 Aare алей e resistor i a 
figure, the curre 
jgur P. 


1,29 $8 3v1 


P, 


(a) 0.27A (b) 0.31A (c) 0.031А (d) 0.534 


44. In a circuit a cell with internal resistance 
r is connected to an external resistance R, The 
condition for the maximum current that drawn 


from the cell is 
(а) R=r (b R«r (c)R>r (ad) Rag 


45. In given circuit, the value of currents 1,1, 


and I, are 


24V 29 


62 


3, 9 9 =3 
(а) ЗА, ŽA $ (b Z2A3A.-—A 
5 


9 
(d) TA SAGA 


46. When a current of 2 A flows in a battery 
from negative to positive terminal, the potential 
difference across it is 12 V. If a current of 
3 A flowing in the opposite direction produces 
a potential difference of 15 V, the emf of the 
battery is 

(a) 12.6 V (b) 13.2 V 

(c) 13.5 V (d) 14.0 V 

47. A current of 6 A enters one corner P of an 
equilateral triangle PQR 

having3 wires of resistances 

2 О each and leaves by the 

corner R. Then the currents 

I, and I; are 

(a) 2A,4A 

(b) 4A,2A 

(с) 1А, 2А 

(d) 2А, ЗА 

48. А charged particle having drift velocity 
of 7.5 x 10-4 m s^! in electric field of 
4 x 1071? V ml, mobility is 

(a) 6.5 x 107 m? V~? s7} 

(b) 1.8 x 108 m? V7! s7! 


(с) БА, 4А, -3 A 
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(с) 7.2 х 106 m? V-! вт! 
(d) 4.5 x 104 m? У-1 «1 


49. Space between two concentric spheres of 
radii rj and rg, such that гу < rp, is filled with 
a material of resistivity p. Find the resistance 
between inner and outer surface of the material. 


ЄЛ 


(b) 


5-п р 
nh 


(a) Lr: 


(c) (d) None of these 


50. A potentiometer wire of length 200 cm has a 
resistance of 20 Q. It is connected in series with a 
resistance of 10 О and an 100 6V 
accumulator of emf 6 V 
having negligible internal , 
resistance. A source of 2.4 V 
is balanced against a length 

L of the potentiometer wire. 
The value of L is 


(a) 100cm (b) 120cm (c) 110cm (d) 14 0 
cm 


L 一 一 -| 


24V C 


51. Four resistors are connected as shown in 
the figure. A 6 V battery of negligible resistance 
is connected across terminals A and C. The 


potential difference across terminals B and D 
will be 


(a) Zero (b 15V (02V (d) 3V 


52. A current of 8 A flows in a system of resistors 
as shown in figure. The potential difference 
Vo - Уд will be 

A 


(a) 97.500 
(с) 1500 


41 


sy 
23 
53. A potentiometer wire of length 100 cm has 
a resistance of 10 ©. It is connected in series 
with a resistance and a cell of emf 2 V and of 
negligible internal resistance. A source of emf 10 
mV is balanced against a length of 40 cm of the 
potentiometer wire. What is the value of external 
resistance ? 

(а) 7900 (Ъ) 8900 (c) 9900 (9) 10900 


54. Acircuit has a section ABC as shown in figure. 
If the potentials at points A, B and C are Vj, У, 
and V, respectively. The potential at point O is 

A 


(a) (b 66У (с) 33V (9) 9.9V 


(a) Vi + У + Vs 


[i Rx 
RR rall 


(c) Zero 


(b) 


55. Figure shows currents in a part of an electric 
circuit, then current J is 
2A 


2A 


(а) 17А (b)3.7A (с) 13А (d)1A 


56. What is the value of unknown resistance 
R, if galvanometer shows null deflection in the 
given meter bridge set up ? 


650 


40 cm 


(b) 1050 
(d) 11092 


- 


ey 


Ve) Oi eee 


‚чч hee rum Án a 
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57. Which of the follo 

Kirchhoff's loop rule? 

(a) The algebraic sum of 
at a junction is zero. 

(b) The аа sum of potential drops ас 
all resistors in a circuit is zero. 

(c) The algebraic sum of the currents а 
the resistors in a circuit is zero. : 

(d) The algebraic sum of potential drops acros 
all resistors plus those across sources in а 
circuit is zero. cmi i 

rmanium are coole 

in aile. d on K. Then the resistance of 

(a) Germanium decreases, Copper increases 

(b) Germanium decreases, Copper decreases 

(c) Germanium increases, Copper decreases 

(d) Germanium increases, Copper increases. 


wing is the correct 


the currents meeting 


TOSS 


cross all 
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59. Which statement is true ? 
(iD Kirchhoff's law 18 not equally applicable à 
both AC and DC. he 
(i) Semiconductors have a positive temperatur 
coefficient of Po к, : 

не bridge is least sensitive when 

(iii) n il of all the four arms of the brit 
are of the same order. 

) The emf of a cell depends upon the size "e 


f electrodes. И 
(а) Саа Gv) (b) Gi) and (iv) 
(с) Gi) and (iv) (d) None of these 


ductor connected to | 
60. When а metal conc et 
gap of à meter bridge is heated, the balancing 


(iv 


oint 3 
Г) shifts towards right (b) shifts towards lef 
(c) remains unchanged (d) remains at zero 


2 Case Based MCQs ..——————7—7*—  . —— 


Case I : Read the passage given below and 
answer the following questions from 61 to 65. 


Electric Current and Current Density PON. 
The flow of charge in a particular direction 
constitutes the electric current. Current is 
measured in ampere. Quantitatively, electric 
current in a conductor across an area held 
perpendicular to the direction of flow of charge is 
defined as the amount of charge is flowing across 
that area per unit time. . 
Current density at a point in a conductor is the 
ratio of the current at that point in the conductor 
to the area of cross section of the conductor of 
that point. 

The given figure shows a steady current flows 
in a metallic conductor of non uniform cross 
section. Current density depends inversely on 
area, so, here J, > Jo, as A; € As. 


A^ 


61. What is the current flowing through a 
conductor, if one million electrons are crossing 
in one millisecond through a cross-section of it ? 
(a) 2.5 x 10719 A (b) L6 x 10719 A 

(с) 7.5x10°A (d) 8.2 x 10-ПА 

62. SI unit of electric current is 


(a) Cs (Ns? (е) Cs? (d) Cie! 


63. Asteady current flowsin a metallic conductor 
of non-uniform cross-section. Which of these 
quantities is constant along the conductor? 
(a) Electric field (b) Drift velocity 

(c) Current (d) Current density 


64. A constant current I is flowing along the 
length of a conductor of variable cross-section 
as shown in the figure. 

The quantity which 

does not depend upon 

the area of cross- 

section is 

(a) electron density (b) current density 
(c) drift velocity (d) electric field 


65. When a current of 40 A flows through a 
conductor of area 10 m?, then the current density is 
(a) 4 A/m? (b) 1A/m? 

(c) 2 A/m? (d) 8 A/m? 

Case II : Read the passage given below and 
answer the following questions from 66 to 70. 
Temperature Dependence of Resistivity 

The resistance of a conductor at temperature t° C 
is given by R, = Ry (1 + at) . 
where R, is the resistance at t °C, Ro is the 
resistance at 0°C and a is the characteristics 
constants of the material of the conductor. 
Over a limited range of temperatures, that is not 
too large. The resistivity of a metallic conductor 18 
approximately given by р, = po(1 + o£). 


Current Electricity 


where a is the temperature coefficient of 
resistivity. Its unit is K^! or C~}, 

For metals, a is positive i.e., resistance increases 
with rise in temperature. 

For insulators and semiconductors, « is negative 
i.e., resistance decreases with rise in temperature. 


НЕ 
a 


i 
02 Б 


1.00 
50 100 150 
Temperature 7 (K) 
Resistivity рт of copper as a 
function of temperature T 


Р 


200 400 600 8 
Temperature 7 (K) 
Resistivity рт of nichrome as a 
function of temperature T 


Temperature dependence Tr the 

Tesistivity of a typical semiconductor 
66. Fractional increase in resistivity per unit 
increase in temperature is defined as 
(a) resistivity 
(b) temperature coefficient of resistivity 
(c) conductivity 
(d) drift velocity 


67. The material whose 
insensitive to temperature is 
(a) silicon (b) copper 

(c) silver (d) nichrome 


68. The temperature coefficient of the 
resistance of a wire is 0.00125 per C. At 300 K 
its resistance is 1 ohm. The resistance of wire 
will be 2 ohms at 

(а) 1154 K (b) 1100 K 

(с) 1400 K (d) 1127 К 


69. The temperature coefficient of resistance of 
an alloy used for making resistors is 

(a) small and positive (b) small and negative 
(c) large and positive (d) large and negative 


70. For a metallic wire, the ratio V/I 

(V = applied potential difference and I = 

current flowing) is 

(a) independent of temperature 

(b) increases as the temperature rises 

(c) decreases as the temperature rises 

(d) increases or decreases as temperature rises 
depending upon the metal 


resistivity is 
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Case III : Read the passage given below and 
answer the following questions from 71 to 75. 


Kirchhoff's Rules 


In 1942, a German physicist Kirchhoff extended 
Ohm's law to complicated circuits and 
gave two laws, which enable us to determine 
current in any part of such a circuit. 

According to Kirchhoffs first 

rule, the algebraic sum of the 

currents meeting at a junction 

in a closed electric circuit is 

zero. The current flowing in a 

conductor towards the junction 

is taken as positive and the 

current flowing away from the junction is taken 
as negative. According to Kirchhoff's second rule, 
in a closed loop, the algebraic sum of the emf's 
and algebraic sum of the products of current and 
resistance in the various arms of the loop is zero. 
While traversing a loop, if negative pole of the 
cell is encountered first, then its emf is negative, 
otherwise positive. 

71. Kirchhoff's Ist law follows 

(a) law of conservation of energy 

(b) law of conservation of charge 

(c) law of conservation of momentum 

(d) Newton's third law of motion. 


72. The value of current J in the given circuit is 
(a) 45А 
(b) 3.7A 
(c) 20А 
(d) 2.5A 


73. Kirchhoff's IInd law is based on 

(a) law of conservation of momentum of electron 
(b) law of conservation of charge and energy 
(c) law of conservation of energy 

(d) none of these. 


3A 
2A 
3A 
5А 


74. Point out the right statements about the 

validity of Kirchhoff’s Junction rule. 

(a) The current flowing towards the junction 
are taken as positive. 


(b) The currents flowing away from the junction 
are taken as negative. 


(c) bending or reorienting the wire does not 
change the validity of Kirchhoff’s Junction 
rule. 


All of the above 
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75. Potential difference between A an 


circuit shown here is i B 
(a) 4V 


ev 22 А aV ва 
(b) 5.6V 


(c) 2.8V 


d) 6V 
os IV : Read the passage given below and 


answer the following questions from 76 to 80. 
iometer : An Ideal Voltmeter à 
Lour sieh isanapparatus used for measuring 
the emf of a cell or potential difference rm 
two points in an electrical circuit accurately. t a 
also used to determine the internal resistance : 
a primary cell. The potentiometer 15 based on the 
principlethat, ifVisthe potential difference across 
any portion of the wire of length / and resistance 
R, then V «1 or V= kl where k is the potential 
gradient. Thus, potential difference x d 
portion of t WP. 
potentiometer 
wire is directly 
proportional {о 
length of the wire 
ofthatportion.The i 
potentiometerwiremustbeuniform Theresistance 
of potentiometer wire should be high. 


76. Which one of the following is true about 
potentiometer? 

(a) Its sensitivity is low. 

(b) It measures the emf of a cell very accurately. 
(c) It is based on deflection method. 

(d) None of the above. 


77. A current of 1.0 mA is flowing through a 
potentiometer wireoflength4cmandofresistance 
4 Q. The potential gradient of the potentiometer 
wire is 

(a) 10? V m! (b) 105 V m? 

(с) 2x10? V m^ (d) 4x 10? V m! 


78. Sensitivity of a potentiometer can be 
increased by 

(a) decreasing potential gradient along the wire 
(b) increasing potential gradient along the wire 
(c) decreasing current through the wire 

(d) increasing current through the wire 


d B in the 


79. Apotentiometer is an accurate and versatile 
device to make electrical measurements of EMF 
because the method involves 
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i adients 
2 pn of no current flow through the 
ometer 
"x Еа а павод of cells, galvanometer an à 
resistances 

„е tentiometer experiment th 

0 » the 
«е length is 8 m, when y two cell, 
E, and Ез are joined in series. When the ty, 
cae are connected in opposition the balancing 
length is 4 m. The ratio of the e. m. f. of two cel}, 
р. (b) 2:1 
(c) 1:3 (d) 3:1 
Case V : Read the passage given below ап 
answer the following questions from 81 to 85, 

uced by Electric Current 

а ап age current is passed through A 
conductor, it becomes hot after some time. The 
phenomenon of the production of heat in а 
resistor by the flow of an еу 
electric current through it [7 4 R 8 
is called heating effect of 
current or Joule heating. 
Thus, the electrical energy 
supplied by the source of | 
emf is converted into heat. In purely resistive 
circuit, the energy expended by the source 
entirely appears as heat. But if the circuit has an 
active element like a motor, then a part of the 
energy supplied by the source goes to do useful 
work and the rest appears as heat. J oule’s law of 
heating form the basis of various electrical 
appliances such as electric bulb, electric furnace, 
electric press etc. 


81. Which of the following is a correct statement? 

(a) Heat produced in a conductor is independent 
of the current flowing. | 

(b) Heat produced in a conductor varies 
inversely as the current flowing. 

(c) Heat produced in a conductor varies directly 
as the square of the current flowing. 

(d) Heat produced in a conductor varies inversely 
as the square of the current flowing. 


82. If the coil of a heater is cut to half, wha! 


would happen to heat produced ? 
(a) Doubled. (b) Halved. 


(c) Remains same. (d) Becomes four times. 


83. A 25 W and 100 W are joined in series am 


connected to the mains. Which bulbs will el 
brighter ? 
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(a) 100 W (b) 25 W 
(c) both bulbs will glow brighter 
(d) none will glow brighter. 


84. A rigid container with thermally insulated 
wall contains a coil of resistance 100 , 


51 


carrying current 1 A. Change in its internal 
energy after 5 min will be 

(a) 0 kJ (b) 10 kJ 

(c) 20 kJ (d) 30 kJ 


85. The heat emitted by a bulb of 100 W in 1 min is 
(а) 100J (b) 1000 J (c) 600J (d) 6000J 


4) Assertion & Reasoning Based MCQs 


For question numbers 86-100, two statements are given-one labelled Assertion (A) and the other labelled Reason (R). 
Select the correct answer to these questions from the codes (a), (b), (c) and (d) as given below. 

(a) Both A and R are true and R is the correct explanation of A 

(b) Both A and R are true but R is NOT the correct explanation of A 


(c) Ais true but R is false 
(d) A is false and R is also false 


86. Assertion (A) : The drift velocity of 
electrons in a metallic wire will decrease, if the 
temperature of the wire is increased. 

Reason (R) : On increasing temperature, 
conductance of metallic wire decreases. 


87. Assertion (A) : The current flowing 
through a conductor is directly proportional to 
the drift velocity. 

Reason (R) : As the drift velocity increases the 
current following through the conductor decreases. 


88. Assertion (A) : Chemical reactions 
involved in primary cells are irreversible and 
in secondary cells are reversible. 

Reason (R) : Primary cells can be recharged, 
but secondary cells can not be recharged. 


89. Assertion (A) : The average thermal 
velocity of the electrons in a conductor is zero. 
Reason (R) : Direction of motion of electrons 
are randomly oriented. 


90. Assertion (A) : If the length of the 
conductor is doubled, the drift velocity will 
become half of the original value (keeping 
potential difference unchanged). 

Reason (R) : At constant potential difference, 
drift velocity is inversely proportional to the 
length of the conductor. 


91. Assertion (A) : The temperature coefficient 
of resistance is always positive only for metals. 
Reason (R) : On increasing the temperature, 
the resistance of metals and alloys increases. 


92. Assertion (A) : Material used in the 
construction of a standard resistance is 
constantan or manganin. 
Reason (R) : Temperature coefficient of 
constantan is very small. 


93. Assertion (A) : kWh is a commercial unit 
used for expressing consumed electric energy. 
Reason (R) : Kilo-watt hour is the unit of electric 
power. 


94. Assertion (A) : The 200 W bulbs glows with 
more brightness than 100 W bulbs. 

Reason (Б) :A 100 watt bulb has more resistance 
than a 200 W bulb. 


95. Assertion (A) : Heater wire must have high 
resistance and high melting point. 

Reason (R) : If resistance is high, the electric 
conductivity will be less. 


96. Assertion (A) : Fuse wire must have high 
resistance and low melting point. 

Reason (R) : Fuse is used for small current flow 
only. 

97. Assertion (A) : A person touching a high 
power line gets stuck with the line. 

Reason (R) : The current carrying wire attracts 
the man towards it. 


98. Assertion (A) :Though the same current 
flows through the live wires and the filament 
of the bulb but heat produced in the filament is 
much higher than that in live wires. 

Reason (R) : The filament of bulbs is made of 
a material of high resistance and high melting 
point. 

99. Assertion (A): The current in a wire is due 
to flow of free electrons in a definite direction. 


Reason (R) : A current carrying wire should 
have non-zero charge. 


100.Assertion (A) : Current is a scalar quantity. 
Reason (R) : Electric current arises due to 
continuous flow of charged particles or ions. 


1. (Ы) : The direction of flow of current through in electric 
circuit is from high potential to low potential. 


2. (9 
3. (b) : The deflection in galvanometer will not be c 
due to interchange of battery and the galvanometer. 
4. (a) :Current in conductor / = neAv, 
> ley 
Hence current in a conductor is determined b 
and does not depend upon thermal velocity. 
5. (d): To shift the balance point on higher length, the 
potential gradient of the wire is to be decreased. The same 
can be obtained by decreasing the current of the main circuit, 
which is possible by increasing the resistance in series of 
potentiometer wire. 
6. (b): Here, Ry = 50, Rioo = 5.25 2 
Ң,= 5,5 0 

As Ry = Ry + af) ^. Rigg Rf a100) 

Rioo — Ro 


~= Ro x100 


Let the temperature of hot bath be PC 


hanged 


y drift velocity 


From equations (i) and (ii), we get 
Rioo - Ro С, К, f Ro 
Ro x100 E Ro xt 


R -Ro 199 = 5575 x100 


x 525-5 


~ Rigo - fo 
- O5 x109- 200€ 

0.25 
7. (a): Ohm's law V= IR is an equation of straight line. 
Hence / - V characteristics for ohmic conductors is also a 


straight line and its slope gives resistance of the conductor. 


8. (b):In parallel combination of cells the voltage across 
the terminals is same and resistance is minimum. Therefore 
from V = IR. The current drawn from cell combination will be 
more. 

9. (а): In the parallel combination, 


Бү +% 


= E,=€ 
and nh-2nzfhnz.fQz-r 
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From (i) and (ii), 

сЕ enxex =€ 
feq uri mudo ron 
10. (d): Since due to wrong connection of each Cell the total 
emf reduced to 2e then for wrong connection of three cell 
the total emf will reduced to (ne — бє) whereas the total or 


equivalent resistance of cell combination will be nr. 
11. (а): Q= I 
also Q= ne 
~ пе=й 


t a = 6.25 x 1018 electrons/sec 
e 16x 


do 
12. (b): Current, | = di 


dQ = 10 
dQ= (28 - 31+ 1) dt 


-5 
| а0= | (202 -3t +1)й 
t=3 
20 32 
а= 5: 


[е = 1.6 x 107? С] 


or n= 


5 


3 
2 3 3 3 2 2 
£ (9) 37у 06) L3 5-3 


= 125-27)-2(25-9)+2 = 43.34С 


13. (b): The direction of current density is the direction of 
flow of positive change in the circuit which is possible due to 
electric field produced by charges accumulated on the surface 
of wire. 
14. (a): The figure is showing /-У characteristics of non- 
ohmic or non linear conductors. 

1 


15. (d): The electrical resistance of a conductor is depend 
upon all factors size, temperature and geometry of conductor. 


Current Electricity 


16. (a): Неге, = 24V and r= 0.8 Q 
For the maximum current from the battery. 


30A, 


17. (Q:Here = = 12V, r2 3 О and /= 1A 
у= ІА = = – Іг 


- R= £-Í[r 12-1x3 
E z == 


1 
and У=/Н=1х9=9\ 
Е r 
18. (b): 


=12-3=9 Q 


R 
Current in the circuit, 


Potential difference across В, 


Е 
V=IR=|—— |К 
R*r 


yat 


Т 
1+— 
R 


When R=0, V=0 
月 =ooV=# 
19 (d): Resistance of a wire of length / and radius r is given 


(УУ = АЈ) 


4 


L^ 
= 有 R | 二 
a 


20. (с) : The typical range of resistivity for metals is 


103 0 mto 10$ 0 m. 


21. (a): For a good conductor the graph between voltage 
and current does not obey exactly ohm's law, it shows some 
deviation from straight line. 
22. (b): Mobility of charged particle 
p= Wal 75x10* 
E 4x10” 

= 2,5 x 106 m? v7! s! 

23. (c) : Resistance of a wire, R = px =102Q 


where lis the length and A be area of cross-section of wire. 


New length, 214 25.425, 


100 


53 


As the volume of wire remains unchanged on increasing 
length, hence, А”/ = Al 


4 


New resistance, R’ = p— 
4 


24. (с) : Here, Ry = 2.5 0, T, = 28°С 
R, = 2.9 О and T,= 100 °C 

As А, = Ri1 + at7, - T] 

2 2.9=2.5[1 + a(100 — 28)] 


1 04 RE 
753572210 3 oc! 
25. (d): Equation of the line, 
R=R+m(T- Th) (i) 
We know, R= Ay [1 + a (T- Tj] (ii) 
Comparing eqns. (i) and (ii), we get 


Ra=m .. 
26. (c) 


27. (b): For balanced Wheatstone’s bridge 
POR (i) 
о 5 

Power dissipation in resistance R with voltage Vis V/A. 


Pe+Q _ К+5 (ii) 


Pras P+O 
From equation (i) 


28. (c) : The bridge will be balanced when the shunted 
resistance is of the value of 3 Q. 


54 


29. (a): Let Ibe the current flowing throug 
current flowing through PSR is (2 - 0 A. 
Now since, galvanometer shows no deflection then the eia 
through arm PQR is same as the voltage through arm Р. 

1-04+ 2) = (2 – 0 (10 + 5) 

612 30-151 

211 = 30 

„201°, 

21,7 er 

Hence the current through 2 Q resistor is T A m 
30. (c) : The graph (a) is true for conductors whose resistivity 
increases with temperature. But for semiconductors, resistivity 
decreases as the number of conducting electrons increase with 
rise of temperature. 
31. (d): Letxbe the resistance shunted with Sfor the bridge 
to be balanced. 
For a balance Wheatstone's bridge 


h PQR then the 


P Q 


су = 15V h = 320m, = 65 ст 
1. 
7 QEF aay 


= 15x $5 05v 


32 


33. (d): Here, /, = 220 cm 
R=32 


ah = 130 cm 


-. Internal resistance, 7 = 


= (220-130), 3 2080 


130 
34. (a): Іп conductors due to increase in temperature 
the resistivity increases and in semiconductors it decreases 
exponentially, 
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35. (b): Semiconductors having D temperatur, 
coefficient of resistivity whereas meta 5 are having 
positive temperature coefficient of resistivity with increas, 
in temperature the resistivity of metal increases whereas 
resistivity of semiconductor decreases. 

36. (d): Given, € = 15V r24Q,122A 

Now, for resistance of the resistors 


e-fr= Vs IR 
155-2x422xR 
15-8 = 2R 


7 
212350. 
Ry? 


Terminal voltage of battery 

V=IR=2x3.5=7V 

37. (d) 

38. (d): Here, Po = 990, 
Вг= 1162 
a=1.7 x104 °C! 
Вт= Ry lt + alT- Ty] 


-1 = a(T- Tj) 


Ty = 27°C 


16-9] 17 . ! С, 
99 | 99a 17x10* 99 
10° 
-T,- — =1010.10°С 
a a) 


T= 1010.1 + Ty = 1010.1 + 27 = 1037.1 °C 
(c) : Internal resistance of cell 


l 
r= R+- 
h 


R= 102 О, h = 75.8 cm 
1 = 68.3 cm 


^ [2102 223 э 21.120 
68.3 


40. (a); Due to increase In resistance A the current through 
the wire will decrease and hence the potential gradient also 
decreases, which results in increase in balancing length. So 
J will shift towards B. 


41. (b): Here, ^ „2 
(b) e, s ; 97100 


iM = 3 = = 

AR 5х 210 150 

As the length of wire is 1 m. 

*. length of one ohm wire = 1/15 = 0.067 m 


Current Electricity 


42. (d): In series, the current through the external resistance 


Ris 
nE 5E 
TER SpeR Jo 
In parallel, the current through the external resistance R is 
p= E _ nE =E (i) 
“Tar r+nR r+5R ide 
n 
As per question, / = /’ 
5E 5E 


^ - 5, = 
SER’ PE or 5r+R=r+5R 


43. (c) : Using kirchhoffs law in loop A P; P, DA 
д 101; +21-7 = 0 

10/, + 2/=7 
Using kirchhoff's law in loop P,P,CBP, 

-3 + 101—1) ~ 101, 20 


1-11, =3 
l=3+11h 

From (i) and (ii), 
10 1,+2(3+111)=7 
10546422127 у. 32h=1 
1, = 1/32 = 0.031А 


44. (d) 
45. (a): Q HV 20 


M 
Applying Kirchhoff's voltage law 


Inloop| -27 -6h - 2! + 2420 
6h + 2l, =-3 mU! 
In loop 11-27 = 6h + 44, 2 0 
6h - 4l = -27 
At junction R h =h- 4, 3 0 
Solving equations (i), (ii) and (iil), we get 
h = ЗА, р = -3/2АА, h} = 912A. 


wil) 
.. (iil) 


55 


46. (b): Let z be emf and г be internal resistance of the 
battery. 
in first case, 

12 ==- 27 wi) 

In second case, 

W=e+3r 
Substract (ii) from (i), we get 

r= З а 

5 

Putting this value of rin eqn. (i), we get 
2x3 4 50-6 65 


=—=[3.2V 
5 5 5 M 


47. (a): Applying Kirchhoff's first law at the junction P, we get 
6=h+h EX] 
Applying Kirchhoff's second law to the closed loop PQRP, 
we get 

-2h-2l «2520 of 2h «24-2520 

of, 40-2 =0 

Salve (i) and (ii), we get 

=2A, h=4A. 

48. (b): Mobility of charged particle 


= ll 75x10 -18x 108 miy! 5-1 


上 = 一 = 


E 4x10" 
49. (b): Since R=p4 


a 


-. Aii) 


#=12+ 


л а =р ——. 
Ра 


(where lis any radius and dl is small element). 
Total resistance, 


50. (b): The current in the potentiometer wire AB is 
l= $ 
20410 
The potential difference across the potentiometer wire is 
V = current x resistance = 0.2 x 20 = 4V 
The length of the wire is 1= 200 cm. So, the potential gradient 
along the wire is 
ka a S 2002 V cm 
1 200 


The emf 2.4 V is balanced against a length L of the 
potentiometer wire, 


ie 24-kL 


мааа ема 


ewes vm icm эло 3; 


56 


51. (a): The given figure is a circuit of balanced Whea 
bridge as shown in the figure. 


tstone 


6v . 

Points B and D would be at the same potential, 
Le., Vg- Vp = 0 volt 
52. (b): Let | be the current is flowing through arm DAB, 
then the current flowing through DCB vill be (8 – 0 
Then, KS + 6) = (8 -N (4 + 2) 

11/=8х6-6/ 

171=48 

48 
2 l= n^ 
Voltage across 5 О resistance 
a 5240 

Vp- = Ix LES n^ 17 у 
Voltage across 4 О resistance 

Vp- Vc =(8-N x4 
Subtracting (i) by (ii) we get, 
Vo- V,- (V5- Уд = 240 _ 352 

o- Va- (Voz Và TT 

=> VW -Vce--66V 
53. (a) : The current in the potentiometer wire AC is 


The potential difference across the potentiometer wire is 
я 2 
= псе = х10 
V = current x resistance [TERT 


The length of the wire is /= 100 cm. 
So, the potential gradient along the wire ís 


V 2 10 : 

iso) -0 
The source of emf 10 mV is balanced against a length of 
40 cm of the potentiometer wire 
ie 10x 10? = Кх 40 

-3 2 40 neus t 

ог 10x10” = 00+) хт (Using (ii)) 
or R=7902. 
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54. (b): 


h 
B 

Applying junction rule to O 

-h-h-}=0 
ie, h+h+h=0 | e 
Let Vp be the potential at point О. By Ohm's law for 
resistances R, В; and В; respectively, we get 

(,- V) = ПА; 

(V - V) = bP; and (Vy— V3) = hR; 

-V, V, -V, 

or =й, 4= 2. n=l А! 
So substituting these values of I, 1, and J; in eqn. (i), we gat 


ee 


nef 


55. (а): Applying Kirchhoff's first law, 
J=24+2-1-13=1.7A 


56. (a) : For null deflection in meter bridge 


60 
z65x— 29151 
В, 20 


57. (c) : Kirchhoff's loop rule : It states that the algebraic 
sum of potential drops across all resistors plus those across 
sources in a circuit is zero. 

58. (c) : The temperature coefficient of copper is positive 
and of germanium is negative. Hence the resistance of coppe 
decreases and germanium increases when they are cooled 
from room temperature to 100 K. 

59. (a) 

60. (a): When metal wire is heated, its resistance increases 
В, increases, |, increases. 


Ri} R} 
The null point shift to the right. 
61. (b): q= 108 х 1.6 х 10-19C= 1.6 x 10712 С 


Current Electricity 


62. (с): The unit of electric current is Cs“? 


63. (c) : The current flowing through a conductor of non- 
uniform cross-section remain same in the whole of the 
conductor. 
64. (a): When a constant current is flowing through a 
conductor of non-uniform cross-section, electron density 
does not depend upon the area of cross section, while current 
density, drift velocity and electric field all vary inversely with 
area of cross-section. 
65. (a): Given, /= 40A;A= 10m? 

А 1 40 2 
<. Current density / 2 — ог J2 — = 4 2 

Li diu Qu. e < оде 
66. (b) : Temperature coefficient of resistivity is defined 
as the fractional increase in resistivity per unit increase in 
temperature. 
67. (d): Nichrome (which is an alloy of nickel, iron and 
chromium) exhibits a very weak dependence of resistivity with 
temperature. 
68. (d): Using, Аг = А1 aT) 


(1+ a75) 
Ry, Ro(l+at) 1 (1+ax300) 
2+ах 600=1+а7, 


1 =о (Т, -600) > 


=> 800°C = T,- 600 
Т, = 800 - 273 + 600 
Т, = 1127 


69. (а) : The temperature coefficient of resistance of an allay 
used for making resistors is small and positive. 


1 


——=(1,-600, 
000125 P? ) 


70. (b): The resistance of a metallic wire at temperature PC 
is given by 


Я, = Ro (1 + af, where a. is the temperature coefficient of 
resistance and А, is the resistance of a wire at 0°C. 
For metals, a is positive. Hence, resistance of a wire increases 
with increase in temperature. 
Also, from Ohm's law 

Fer 

I 
Hence on increasing the temperature, the ratio Е increases. 


71. (а): Kirchhoff's 15 law is based on law of Conservation 


of charge whereas Kirchhoff's 1" law is based on law of 
conservation of energy. 


72. (с): 4А 


2А 
ЗА 
5А 
According to Kirchhoff's junction law 


(+ h+ (+4) + (+24) +(-5A) -C 3A) 20 
1+64-8A=0 or 122A 

73. (с) 

74. (d) 

75 (b): 


Apply KVL in the given circuit, 
6-81-4-2120 

o, 2-10/=0 or [2 2/10 2024 
Vg-4*1x8-4-02x8- 56V 

76. (b) 

77. (a): Given, [= 1.0 mA = 10D? ; R2 40; L2 4m 

Potential drop across potentiometer wire, 
М=18= 103 x 4V 


y 4x10? 
Potential gradient, k=—= 


78. (a) à * 

79. (b): A potentiometer is an accurate and versatile 
device to make electrical measurements of EMF because the 
method involves a condition of na current flow through the 
galvanometer. іт can be used to measure potential difference, 
internal resistance of a cell and compare EMF's of two sources. 


a0. (д: & th 3*4 D 3 


81. (c) : According to Joule's law of heating, 

Heat produced in a conductor, H = I? Rt 

where, / = Current flowing through the conductor 

В = Resistance of the conductor 

t = Time for which current flows through the conductor. 
2 Не Ё 


82. (а) : If the coil is cut into half, its resistance is also 
halved. 


2103y т"! 


83. (b) :P- 


The bulbs are joined in series, Current in both the bulbs will 
same. 


2 The heat produced in them is given by H= È Rt 


о HxR- He + 
P 


Therefore the bulb with low wattage or high resistance will 
glow brighter or we can say the 25 W bulb will glow brighter 
than the 100 W bulb, 


MEI LT eer) 


SE 

£t. (Qj: R= = 1A;t- Sein = 5 = FHS 
camem ene energy = bet genere а СЙ 

=F =F х NOx 303; 

23X021-32U 

SS. (2) cee P= 100 W f= T cam = 655 

bez дексе пупе { 

н-Ркї-(70 Wi? 3 = 62001) 

E (Ej: Orcas Ses ec aire тее ees 


TUE 5 esey TID One nora Ses 
87. iG : (osc comms Gilad ажай сз 
seian A Teme token by the bee ees D COSS UE 
cna i-i 

а sixes 
бела олет. I= 1777s, 
m i-e, 
=, ix 
Tras cce Е Grecty proportional m 6 ссу 
8з. (d: Pomay cele comet be recharges бесьще Tg 
тийе Poetic mates Sanday Sls me бате 
because thes ruce errie Eas 
19. (a): come! corde, Ée direction eS ае 
candor, обете such tet the total sum of фет veloces 
Єй гыс. 


96. (2j: Dc velocity of free electrons is given by, 


F 

zy =, ie, Y, x Ui where, KE 5 consent. 
рь т 

i zz Ё lis doded, te бб velocity will becore Һай of 

te vigna siue 

91. (b): Те ci of temperate coeticiess of eisene 

is positive only for metzis end alloys and is negative for 

semiconductors end insdiators. 

92. (a): These alloys (constantas of manganis) are 

used for maung stented resistance becouse they possess 

high resistinty anc tow temperature cofier of resistence. 

93. (Q: Tithe = 1 i х 1 hou 

= 1000 (pule/sec) x 3606 ec = 35 x 10* jode 

ie, kin is te urit of elearic energy end used for expressing 

consamed EECUK Enercy. 
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ӯ. 5 
aL Q): tesse, A= т -{2-8 = Р 
ie, шде is the тосар of 2 bull, lesser Б e ress 
eed so & ай Gow DFS | 
55. (t): = wire must have tagh узше аса tigh 
meting pos. becesse m senes ane n rena EE 
terze according 10 Jovie’s baw H= PRLI tex 
produced Б high E Ris high Meting pora musi oe шоу, s 
Tae wre may л тех и cesse mitecperzlre 


ч 6 (9 Fase ате most have igh тесе because р, 


res, carent rears 
iw H=22 tez poies tigh É Ri iig. Te гетир; 
point must be low so ÈE wire me me AT OOE i 
Droen Аа а степ larga Dan Те SECTS mue Fons 
го} Фе бгойтешетр=шиле © De 55е wre noraa 
Tis mets te Ёле wire 215 oreas е СТО 
97. (d): £&zse гете is no pedel EEC Sure Ба 
kezcs 2 person 5000 wh 2 high power Бле The ama 
тел 212 omen of te ter сї 0.05 А or even lees s 
есип to bring dsorcer in our nervous system. AS 2 sat 
of &, бе Aded person may lose temporarily fis ability zz 
ceca his nervous system to get himsel free fom the tig 
poser lice. 
92. (b): As flamers of bulb and live wire ere in seres terc: 
e PRs 
aurez trough beth is seme. Now, becuse Н= туа 
recstence d the Baren of the bulb is much higher Tanta 
cf Bve wires, hence heet produced in the filament 5 mac 
Fiches then that in Ene wires. 
99. (9 : The erect ina wire Б due to flow of free бест 
in a decine Grection. But the number of protons in the wire 
at any instant is equal to number of electrons and charge co 
electrons is equal and opposite to that of proton. Hence, te 
charge on the wire is Zero. 
100.(b) : Current is a scalar quantity, it is justified by бе 
foboning two observations 
0 curent carrying wire is bent at some point, then 250 
axrent in the wire remains same, while a vector quante 
alueys changes by changing its direction. 
(0 Current flowing in the circuit do not follow the lens 
of vector addition. It follows according to ordinary rue of 
algebra. This makes it dear that current is not a vector but 
2 scalar quantity. Also current is defined as rate of flow of 
charge through the wire I = 090. 


ooo 


Moving Charges 
and Magnetism 


Magnetic field : It is a region or space 


- around a magnet or current carrying 


conductor or a moving charge, im which its 

magnetic effect can be feit. 

> Magnetic field is a vector quantity and its 
dimensional formula is [MLT A] The 
SI unit cf magnetic field is tesla (T) or 
webermetre? (Wbm^: The CGS unit of 
magnetic field is gauss (GL 


» Conventionally the direction of the field 
perpendicular to the plane of the paper is 
represented by @ if into the page, and by 
© if out of the page. 

Force on a charged particle in a uniform 

magnetic field : 

> When a charged particle of charge q, 
moving with velocity 7 is subjected to a 
uniform magnetic field 8, the force acting 
on it is 
Р=4(7х В) or Ғ= 48 іпӨ 
where Ө is the angle between Y and В. 

- Thedirection of this force is perpendicular 
to the plane containing Fand È 

- Ё=0 if 7=0, Le., a charge at rest does 
not experience any magnetic force. 

- Fz0if 0-0^or180? Le. the magnetic 
force vanishes if ӯ is either parallel or 
antiparallel to the direction of & 


一 Farewillbeizriuumie-90" ie ÉF 
isperpendiculario 8 the magnetic fece 
has a manaeun value end is pen by 
Fw, = GB. 


Foi -Ё =cbeg {ex D=gi=+Fxh 
This force is known as Lorentz force. 
Biot-Savart law Pe 


due to a current element 7. 

of length @. carrying / 

current I, ata distance r / 

from the element is 

. jg By 101 xr) 
+ Ф@- ур 

where Ө із the angle between d mir andy, 

is the permeability of free space. 

bo = 47х10 Т тА = 42x 107 What m 

or P3107 шут. 

» The dimensional formula of uy is 
IMLT AT] The direction of 25 is to that 
of 2х7, which is perpendicular to the 
plane containing ШЇ and7, and is directed 
as given by right hand screw rule. 

> The direction of magnetic field due to a 
straight current carrying wire is given by 
right hand thumb rule. According to this 
rule, if you grasp the wire in your right 
hand with your extended thumb pointing 


MtG CBSE Board Term-l Physics Clays), 


di 
. Your fingers 


1 i i rrent. 
in the direction of the cu the direction 


curling around the wire give 
of the magnetic field lines. 


+ 
b dB cose. ， 


dl 


The magnetic field at a point on the axis of 
= the circular current carrying coil is 


e Magnetic field due toa straight current 


of the point on the axis from the centre of the 
coil, N is the number of turns in the coil, 
» Special cases: 
- Ifthepointliesatthecentreofthecoil,ie, 
x = 0, then 
ро 2xNIa? po 2xNI рМ 
2a 


> The magnetic field B at a point P due to 
a straight wire of finite length carrying 
current J at a perpendicular distance r 1s 
- Ifx»»a,then 
p. Ho 2®М _ Ho 2NIA _ Ho 2M 
» Special cases: wr 


4n x 4n х? 
d 4 the "E of arde A EF where, NIA = M = magnetic dipole moment 
e point P lies near 


o of current loop, A = cross sectional area of 
straight wire, then a = В = 90 


в= tina s sin] 
anr 


loop. 

, Ampere's circuital law : The line integral of 

- If the wire is of infinite length and the magnetic field B around any closed loop is 

the point P lies near one end, then equal to ho times the total 

current J threading through 
the loop, i.e., 


$8-dl = 


> Magnitude of magnetic field due to а 
straight wire using Ampere’s circuital law 


I 
T 

a=—, В=0° -. B 
;P 


^S Magnetic 


Magnetic field at the centre of a VK 


current carrying circular loop 
The magnetic field at the centre of 
a circular coil of radius a carrying 
current J is 
EY. _ Hol 
ад а 2а 
If the circular loop consists of N turns, then 
a Ho 2RND ЫП 
4n a 2a 1 
The direction of magnetic field at the centre 
of a circular coil carrying current is given by 
right hand thumb rule, 


Magnetic field at a point on the axis of 
a circular current carrying loop 


I 


> At any point inside the solenoid, B = ponl 
where, n = number of turns per wit 
length. 


> At the ends of the solenoid, B= shot 
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Magnetic fleld due to toroidal solenoid 


ШУ 


> Inside the toroidal solenoid, В = рл, 
where n= LN = total number of turns 
A 
> In the open space, interior or exterior of 
toroidal solenoid, the magnetic field is zero. 
Motion in a magnetic field : When a 
charged particle of charge q and mass m 
moves with velocity v in a uniform magnetic 
field B, the force acting on it is F = qv B sin8. 
The following two cases arise : 
» Case I : When the charged particle is 
moving perpendicular to the field ie., 
0 = 90°. In this case path is circular. 
Radius of circular path is 
mv N2mK 


R=—= 
Bq qB 


and time period of revolution is 


Case II : When the charged particle is 
moving at an angle 0 to the field (other 
than 0°, 90? or 180°). In this case, path is 
helical. 
Due to component ofu, perpendicular to В, 
Le., v, = vsin8, the particle describes a 
circular path of radius R, such that 
=qv,B or R= Le тузө 
qB 48 
Time period of revolution is 
2TR  2nm 
T= = 一 一 
vsin6 qB 
Force between two 
parallel current carrying 
conductors : Two parallel 
conductors carrying currents 
in the same direction attract 
each other while those 
carrying currents in the 
opposite direction repel each other. 
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» When two parallel conductors separated 
by a distance r carry currents J, and 1,, 
the magnetie field of one will exert a force 
on the other. The force per unit length on 
either conductor ia F= PEE h 

AR у 
The force of attraction or repulsion 
acting on each conductor of length | due 
to currents in two parallel conductors is 
My 21,1, 


Fz——À[ 


4л r 
When two charges q, and dz moving with 
velocities v, and v, respectively are at 
a distance r apart, then the force acting 
between them is 


Torque on a current carrying coil 
placed in a uniform magnetic field : 
When a current carrying coil is placed in 
a uniform magnetic field, the net force on 
it is always zero but different parts of the 
coil experience forces in different directions. 
Due to it, the coil may experience a torque 
or couple. 

When a coil of area A having N turns, 
carrying current [ is placed in a uniform 
magnetic field B, it will experience torque 
which is given by 

т = NIABsino 

Moving coil galvanometer 


* i 


м4 


7 


It is an instrument used for the detection 
and measurement of small currents. It 
works on the principle that when a current 
carrying coil is placed in a magnetic field, it 
experiences a torque. 
In moving coil galvanometer the current I 
passing through the galvanometer is directly 
proportional to its deflection (0). 

I«9 ог, 12G0 
where G = Ас = constant 
A = area of the coil, N = number of tums 
in the coil, B = strength of magnetic field, 


"M A 


—— а — 


k = torsional constant of the spring Le, 
t. 
restoring torque per unit. twis 
» Current sensitivity : It is defined ав d 
deflectíon produced in the galvanometer, 
when unit current flows through it. 


The unit of current sensitivity is rad A^! or 
div Аг}, 

> Voltage sensitivity : It is defined as the 
deflection produced in the galvanometer 
when a unit voltage is applied across the 
two terminals of the galvanometer. 


EON 1 

The unit of voltage sensitivity is rad V^ or 
div У). > 

gota 

Conversion of galvanometer into an 
ammeter : А galvanometer can 
be converted into an ammeter 
of given range by connecting 
a suitable low resistance S called shunt in 
parallel to the given galvanometer, whose 


value is given by 


where J, is the current for full scale 
deflection of galvanometer, J is the current 
to be measured by the galvanometer and 
G is the resistance of galvanometer. 


> 
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rder to increase the rango ofan ШШ 
у ' 


li 


ing lue of shunt гені 
n times, the value TCHIALAN Eg 


be connected in parallel ін S = G/n ~ 1 
Conversion of galvanometer int 
voltmeter : A galvanometer can by 
converted into voltmeter of given rang 
by connecting a suitable resistancy р 
in serica with the galvanometer, Whos 
value is given by 


к=]-б 
8 
where V is the voltage to be measured | 
is the current for full scale deflection d 
galvanometer and G is the resistance qt 
galvanometer. 


5-———— Volt 


Voltmeter is a high resistance instrument 
and it is always connected in parallel with 
the circuit element across which potentia] 
difference is to be measured. Ап ideal 
voltmeter has infinite resistance. 

In order to increase the range of voltmeter 
n times the value of resistance to be 
connected in series with galvanometer is 
В = (п- 1G. 


Practice Time... 


2) Multiple Choice Questions (MCQs) 


1, When a magnetic compass needle ia carried 

nearby to a straight wire carrying current, then 

(1) the straight wire cause a noticeable 
deflection in the compass needle. 

(II) the alignment of the needle is tangential to 
an imaginary circle with straight wire as its 
centre and has a plane perpendicular to the 
wire 

(a) (I) is correct 

(b) (ID is correct 

(c) both (I) and (II) are correct 

(d) neither (I) nor (II) is correct 


2. Current flows through uniform, square 
frames as shown in the figure. In which case is the 
magnetic field at the centre of the frame not zero? 


e|] e TO, 


3. A galvanometer of resistance 10 Q gives 
full-scale deflection when 1 mA current passes 
through it. The resistance required to convert it 
into a voltmeter of reading upto 2.5 V is 

(а) 24.9 0 (b) 249 

(c) 2490 Q (d) 24900 Q 


4. A4A current carrying loop consists of three 
identical quarter circles of radius 5 cm lying in 
the positive quadrants of the x-y, y-z and z-x 
planes with their centres at the origin joined 


together, value of 8 at the origin is 

(b) с-н ж бт 
(c) Ade jer 
5. A voltmeter which can measure 2 V is 
constructed by using a galvanometer of resistance 


12 О and that produces maximum deflection for 
the current of 2 mA, then the resistance R is 


(9) topt + T 


(а) 888 (1 

(b) 988 N 

(c) 898 N 

(d) 999 (1 2V 
6. Along straight wire carrying current of 30A 
resta on a table. Another wire AB of length 1 m, 
mass 3 gm carries the same current but ín the 
opposite direction, the wire AB is free to slide up 
and down. The height upto which AB will rise is 
(a) 0.6 cm (b) 0.7 cm 

(c) 0.4 cm (d) 0.5 cm 


7. Two moving coil metres M, and M, have 
the following particulars, R, = 10 О; М, = 30; 
A, =3.6 x 107 m5; В, = 0.25 T; R3 = 14 О; №, 42; 
Ag = 1.8 x 104 m5; B, = 0.50 T 

The spring constants are identical for the two 
metres. What is the ratio of current sensitivity 
and voltage sensitivity of Af, to M,? 

(a) 14:1 (b) 14:0 

(c) 2.8:2 (d) 2.8:0 


8. The value of current in the given circuit if 
the ammeter is a 
galvanometer with a 
resistance Rg = 50 О is 


(a) 0.048A 
(b) 0.023A 
(c) 0.061A 
(d) 0.094 A 5V 


9. A galvanometer of resistance 70 Q, is 
converted to an ammeter by a shunt resistance 
r, = 0.03 Q. The value of its resistance will 
become 

(a) 0.025 Q (b) 0.022 Q 

(с) 0.035 Q (d) 0.030 Q 


10. A circular coil of radius 10 cm having 100 
turns carries a current of 3.2 A. The magnetic 
field at the center of the coil is 

(a) 2.01 x 103 T 

(b) 5.64 x 103 T 

(с) 2.64 x 107* T 

(d) 5.64 x 1074 T 
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11. For a circular coil of radius 5 cm having 
100 turns and carrying a current of 2.0 A, the 
magnetic moment is 
(a) 12.95 A m? (b) 25.79 A m? 
(с) 16A m? (d) 24.79 A m? 


12. The nature of parallel and anti-parallel 

currents are 

(a) parallel currents repel and antiparallel 
currents attract 

(b) parallel currents attract and antiparallel 
currents repel 

(c) both currents attract 

(d) both currents repel. 

13. A straight wire having mass of 1.2 kg and 

length of 1 m carries a current of 5 A. If the wire 

is suspended in mid-air by a uniform horizontal 

magnetic field, then the magnitude of field is 

(a) 0.65 T (b) 1.53 T 

(c) 24 T (d) 3.2 T 


14. The energy of an electron having a speed of 
2.98 x 107 m s^ is (m, = 9.1 x 10! kg) 

(a) 2.2 keV (b) 2.5 keV 

(c) 2.8 keV (d) 3.0 keV 


15. A cubical region of space is filled with some 

uniform electric and magnetic field. An electron 

enters the cube across one of its faces with 

velocity v and a positron enters via opposite 

face with velocity — v. At this instant, which one 

of the following is not correct? 

(a) the electric forces on both the particles cause 
identical accelerations. 

(b) the magnetic forces on both the particles 
cause equal acceleration. 

(c) both particles gain or loose energy at the 
same rate. 

(d) the motion of the centre of mass (CM) is 
determined by B alone. 


16. Acircular loop of radius R carrying a current] 
is placed in a uniform magnetic field of B 
perpendicular to the loop. The force on the loop is 
(a) 2nRIB (b) 2лЮ?В% 

(c) nR?IB (d) zero 


17. 2.5 meter long straight wire having mass 
of 500 gm is suspended in mid air by a uniform 
horizontal magnetic field B. If a current of 4 A 
is passing through the wire then the magnitude 
of the field is (g = 10 m s?) 

(a) 0.5 T (b) 0.6 T 

(c) 0.25 T (d) 0.8 T 
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18. A galvanometer of resistance 50 n is 
connected to a battery of 3 V along With 
a resistance of 2950 2 in series. ^ full scale 
deflection of 30 divisions 18 obtained in the 
galvanometer. In order to reduce this deflection 
to 20 divisions, the resistance 1n series should be 
(a) 60502 (b) 4450 2 

(c) 5050 Q (d) 5550 Q 


19. The magnitude of the magnetic field at 
the centre of the tightly wound 150 turn coil of 
radius 12 cm carrying a current of 2Ais 

(a) 18G (b) 19.7 G 

(с) 15.7 G (d) 17.7G 


20. A straight wire carrying a current of 13 A 
is bent into a semi-circular arc of radius 
2 cm as shown in figure. The magnetic field jg 
1.5 x 1074 T at the centre of arc, then the 
magnetic field due to straight segment is 


po, 


(a) 1.5 x 10^ T (b) 2.5 x 10^ T 
(c) zero (d) 3x 107^ T 


21. A current of 10 A is flowing in a wire of 
length 1.5 m. A force of 15 N acts on it when 
it is placed in a uniform magnetic field of 2 T. 
The angle between the magnetic field and the 
direction of the current is 

(a) 30? (b) 45° 

(c) 60? (d) 90° 

22. Asolenoid of length 50 cm, having 100 turns 
carries a current of 2.5 A. The magnetic field at 
one end of the solenoid is 

(a) 3.14 x 10^T (b) 6.28 x 10-* T 

(с) 1.57 x 10 ^T (d) 9.42 x 1074 T 


23. Two identical current carrying coaxial loops, 
carry current J in opposite sense. A simple 
amperian loop passes through both of them once. 
Calling the loop as C, then which statement is 
correct? 


(a) фваї= s ж 
с 


(b) the value of $8 -di is independent of sense of C. 
€ 


(c) there may be a point on C where В and dl 
are parallel. Ч 
(d) none of these. 
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24. А galvanometer having а resistance of 50 (1, 
gives а full scale deflection for а current of 0.05 A. 
The Jength in meters ofa resistance wire of area 
of cross section 3 > 10” cm that can be used 
to convert the galvanometer into an ammeter 
which can read a maximum of 5 A current із 
(Specific resistance of the wirep 2 5 « 107 Q m) 
(8) 9 (b) 6 

(с) 3 (d) L5 


25. A tightly wound 90 turn coil of radius 15 cm 
has a magnetic field of 4 x 107* T at its centre. 
The current flowing through it is 

(а) 1.06 A (b) 244A 

(с) 3.444 (d) 4.44A 

26. An element of 0.057 m is placed at the origin 
as shown in figure which carries a large current 
of 10 A. The magnetic field at a distance of 1 m 
in perpendicular 

direction is 

(a) 4.5 x 10°T 

(b) 5.5 x 10°T 

(с) 5.0x10 5T 

(d) 7.5x 10 ^T Ax = 0.05? m 

27. A circular loop of radius 3 cm is having a 
current of 12.5 A. The magnitude of magnetic 
field at a distance of 4 cm on its axis is 

(a) 5.65 x 10-5 T (b) 5.27 x 10-5 T 

(с) 6.54 x 105 T (d) 9.20 x 10° T 

28. If an electron is moving in a magnetic field 


of 5.4 107* T on a circular path of radius 32 cm 
having a frequency of 2.5 MHz, then its speed 


will be 

(а) 8.56x 105m s^! (b) 5.024 x 106 m s^! 
(с) 8.66 х 10* тз1 (d) 5.024 x 10*m s^! 
29. The correct plot of the magnitude of magnetic 
field B vs distance г from centre of the wire is, if 
the radius of wire is R 


30. Ampere's circuital law is given by 
(a) фй.ай= Hol ene (b) $È. dÌ= polene 
(c) $B-disuyJ (d) $H-dlspJ 
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31. Two particles of equal charges after being 
accelerated through the same potential difference 
enter in a uniform transverse magnetic field and 
describe circular paths of radii R, and R,. Then 
the ratio of their respective masses (MyM») is 
(а) R/R, (b) (RJR,)* 

(c) (JR) (d) (RJR, 

32. A solenoid of length 0.6 meter has a radius 
of 2 cm and is made up of 600 turns If it carries 
a current of 4 A, then the magnitude of the 
magnetic field inside the solenoid is 

(a) 6.024 х 10? T (b) 8.024 x 10? T 

(c) 5.024 х 10^ T (d) 7.024 х 10° T 


33. Which of the following statements is correct? 

(a) The magnetic field in the open space inside 
the toroid is constant. 

(b) The magnetic field in the open space exterior 
to the toroid is constant. 

(c) The magnetic field inside the core of toroid 

is constant. 

The magnetic field inside the core of toroid 

is zero. 


(d) 


34. The inner and outer radius of a toroid core 
are 28 cm and 29 cm respectively and around 
the core 3700 turns of a wire are wounded. If the 
current in the wire is 10 A, then the magnetic 
field inside the core of the toroid is 

(a) 2.60 x 107 T (b) 2.60 x 10? T 

(c) 4.52x 107 T (d) 4.52 x 103 T 


35. A 200 turn closely wound circular coil 
of radius 15 cm carries a current of 4 A. The 
magnetic moment of this coil is 

(a) 36.5 A m? (b) 56.5 A m? 

(c) 66.5 A m? (d) 108A m? 


36. Acurrent carrying loop is placed in a uniform 
magnetic field. The torque acting on it does not 
depend upon 

(a) shape of loop 
(c) value of current 


(b) area of loop 
(d) magnetic field 


37. Acircular coil of wire consisting of 100 turns 
each of radius 9 cm carries a current of 0.4 A. 
The magnitude of magnetic field at the centre of 
the coil is 

(a) 2.4 x 10 T (b) 3.5x 10-* T 

(c) 2.79 x 10^ T (d) 3x 10^ T 


38. If a long straight wire carries a current of 
40 A, then the magnitude of the field B at a point 
15 cm away from the wire is 

(a) 5.34 x 105 T (b) 8.34 x 10^ T 

(с) 9.6 x 10 5T (d) 10.2 x 105 T 
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39. A circular coil of 70 turns and nu 
Б сә carrying a current of 8 A is suspe field 
vertically in a uniform horizontal magnet px 
of magnitude 1.5 T. The field lines ш е 
angle of 30° with the normal of the coil t ти 
magnitude of the counter torque that mus 
applied to prevent the coil from turning 1$ 

(a) 33N m (b) 3.3 № m 

(с) 3.3 x 102 N m (d 3.3 x 10* N m 


40. Two long and parallel straight wires AandB 
are carrying currents of 4 A and 7 Ain the same 
direction are separated by a distance of 5 cm. 
The force acting on a 8 cm section of wire A is 
(a) 3x10°N (b) 6x 10°N 

(с) 9x105N (d) 12x 10°N 


41. An 8 cm long wire carrying à current of 10A 
is placed inside a solenoid perpendicular to its 
axis. If the magnetic field inside the solenoid is 
0.3 T, then magnetic force on the wire is 

(a) 0.14N (b) 0.24N 

(c) 0.34N (d) 0.44 N 

42. The magnetic force per unit length on a wire 
carrying a current of 10 А and making an angle 
of 45? with the direction of a uniform magnetic 
field of 0.20 T is 


(a) 242N m^ 


(c) 2 N m! (d) A2 N m^ 


43. A circular coil of 25 turns and radius 12 cm 
is placed in a uniform magnetic field of 0.5 T 
normal to the plane of the coil. If the current in 
the coil is 6 A, then total torque acting on the coil is 
(a) zero (b) 3.4N m 
(с) 3.8 N m (d) 44Nm 


44. Ina moving coil galvanometer, the deflection (ф) 
on the scale by a pointer attached to the spring 


(a) (2), Ф) (5) 


NAB NAB 
45. If the current sensitivity of a galvanometer 
is doubled, then its voltage sensitivity will be 
(a) doubled (b) halved 
(c) unchanged (d) four times 


46. Along straight wire in the horizontal plane 
carries a current of 75 A in north to south 
direction, magnitude and direction of field B at 
a point 3 m east of the wire is 


(b) Ура 
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1075 Т, vertical up 
i ч 4 105 T, vertical down 
(с) 5x 106 T, vertical up 
(d) 4х 10-6 Т, vertical down 


lvanometer coil has a resis 
i bs s the metre shows full scale Pi " 
for a current of 4 mA. To convert the me i im 
a voltmeter of range 0 to 18 V, the req 
resistance is ч 
(a) 5885 Q in series 
(b) 4485 Q in series 
(с) 5885 Q in parallel 
(d) 4485 Q in parallel 


4g. If an electron is projected with un 

velocity along the axis of a current carryin 

solenoid, then 

(a) the electron will be accelerated along the E 

(b) the electron will continue to move un 
uniform velocity along the axis of їч 
solenoid. 

(c) the electron path will be circular about th 
axis. 

(d) the electron will experience a force at 45° 
the axis and hence executes a helical path 


49. A 90 cm long solenoid has six layers of 
windings of 450 turns each. If the diameter q 
solenoid is 2.2 cm and current carried is 6 4 
then the magnitude of field inside the solenoid, 
near its centre is 

(a) 50r G (b) 60r G 

(с) 721G (d) 80r G 


50. The magnitude of torque experienced by 
a square coil of side 12 cm which consists of 
25 turns and carries a current 10 A suspended 
vertically and the normal to the plane of coil 
makes an angle of 30° with the direction ofa 
uniform horizontal magnetic field of magnitude 
0.9 T is 

(a) L6Nm (b 1. 2N m 

(c) 14Nm (d L8Nm 


51. A circular coil of 20 turns and 10 cm 
radius is placed in a uniform magnetic field 
of 0.10 T normal to the plane of the coil. 1 
the current in the coil is 5 A, cross-sectiong 
area is 1075 m? and coil is made up of copper 
wire having free ‘electron density abou! 
10°9 m^, then the average force on each electro 
in the coil due to magnetic field is 

(a) 2.5 x 1075 N (b) 5 x 1075 № 

(с) 4x10?5N (d) 3 x 1075 N 


Чот, 
g long 
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$2. Aproton and an o-particle enter in a uniform 
magnetic field perpendicularly with same speed. 


The ratio of time periods of both particles (2) 


Т, 
will be p 
(a) 1:2 (b) 1:3 
(c) 2:1 (d) 3:1 


53. A conductor of length 2 m carrying current 
2Ais held parallel to an infinitely long conductor 
carrying current of 12 A at a distance of 100 mm, 
the force on small conductor ís 

(a) 8.6 x 105 N (b) 6.6 x 105 № 

(с) 7.6 x 10% N (d) 9.6 x 10% N 


54. If a velocity has both perpendicular and 
parallel components while moving through a 
magnetic field, what is the path followed by a 
charged particle ? 

(a) Linear (b) Circular 

(c) Helical (d) Elliptical 


55. The range of voltmeter of resistance 300 Q 
is 5 V. The resistance to be connected to convert 
it into an ammeter of range 5 A is 

(а) 1Q in series (b) 1Q in parallel 

(c) 0.1 Q in series (d) 0.1 Q in parallel 


56. Which one of the following is correct 

statement about magnetic forces? 

(a) Magnetic forces always obey Newton’s third 
law. 

(b) Magnetic forces do not obey Newton’s third 
law. 

(c) For very high current, magnetic forces obey 
Newton’s third law. 

(d) Inside low magnetic field, magnetic forces 
obey Newton’s third law. 


57. If the galvanometer current is 10 mA, 
resistance of the galvanometer is 40 W and 
shunt of 2 W is connected to the galvanometer, 
the maximum current which can be measured 
by this ammeter is 


S> Case Based MCQs 


Case I : Read the passage given below and 
answer the following questions from 61 to 65. 
Ampere's Circuital Law 

Ampere's law gives a method to calculate the 
magnetic field due to given current distribution. 
According to it, the circulation $ B-dl of the 
resultant magnetic field along a closed plane 
curve is equal to ho times the total current 


(a) 0.21A 
(c) 210A 


(b) 21А 
(d) 21A 


58. The final torque on a coil having magnetic 
moment 25 A m? in a 5 T uniform external 
magnetic field, if the coil rotates through an 
angle of 60? under the influence of the magnetic 
field is 

(a) 216.5 N m fb) 108.25 N m 

(с) 1025 N m (di 258.13 N m 


59. A current [ is flowing through a loop. The 
direction of the current and 
the shape of the loop are as 
shown in the figure. The 
magnetic field at the centre 


of the loop is ES times 
(Here, MA - R, MB - 2R, 


ZDMA = 90°) 
(a) =. out of the plane of the paper. 


s 


ie into the plane of the paper. 


7 
16" 
7 
16 
60. A moving coil galvanometer can be converted 
into an ammeter by 
(a) introducing a shunt resistance of large value 
in series. 
(b) introducing a shunt resistance of small 
value in parallel. 
(c) introducing a resistance of small value in 
series. 
(d) introducing a resistance of large value in 
parallel. 


out of the plane of the paper. 


. into the plane of the paper. 


crossing the area bounded by the closed 
curve provided the electric field inside the 
loop remains constant. Ampere's law is more 
useful under certain symmetrical conditions. 
Consider one such case of a long straight wire 
with circular cross-section (radius R) carrying 
current J uniformly distributed across this 
cross-section. 


ae ee 


et scm m 


міка eua э Жаы 


61, The magnetic field at a radíal distance r from 
the centre of the wire in the region r > ft, is 


"i 
(b) Fah 


ш? 
(a) 2nR 
62, The magnetic field at a distance r in the 
region г < R is 


o) 87. 
2nR 


Holr 
Li 
(d) ORR? 


63. A long straight wire of a circular cross 
section (radius a) carries a steady current I 
and the current J is uniformly distributed 
across this cross-section. Which of the following 
plots represents the variation of magnitude of 
magnetic field B with distance r from the centre 
of the wire? 
B 


64. A long straight wire of radius R carries 
a steady current І. The current is uniformly 
distributed across its cross-section. The ratio of 
magnetic field at R/2 and 2R is 


(a) (b) 2 


(с) (4) 1 
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irect current I flows along the length , И 

ио a д thin walled pipe, then 
tic field ія 
a een throughout the pipe but not zero 
(b) zero only along the axis of the pipe 
(c) zero at any point inside the pipe 
(d) maximum at the centre and minimum at the 
edges. А | 
Case II : Read the passage given low and 
anawer the following questions from 66 to 70, 
Motion of Charge in Magnetic Field 
with speed vo << c moves in a Circle 

оГ Бр, їп а fenior magnetic field, Thig 
electron is able to traverse a circular path a4 
magnetic field is perpendicular to the velocity 
of the electron, A force acts on the particle 
perpendicular to both Ӯ, and Ё, This force 
continuously deflects the particle sídeways 
without changing its speed and the particle will 
move along a circle perpendicular to the field, The 
time required for one revolution of the electron 


is Ty, 


x N NX NN X NX 
XXXXNNXNXX 


(d 
z 
x 
z 
x 


66. If the speed of the electron ig now doubled 
to 200. The radius of the circle will change to 
(a) 470 (b) 2% 

(c) го (d) ry2 

67. If vg = 200, then the time required for one 


revolution of the electron will change to 

(a) 470 (b) 27g 

(c) To (d) Ty2 

68. Acharged particle is projected in a magnetic 
field B = (2i 4) x 10? T, The acceleration of the 
particle is found to be 2 = (xi 4 2j) т.872, Find 
the value of x. 

(а) 4ms? (b) -4 m sg? 

(с) -2 т g? (d 2m8? 


69, If the given electron has a velocity not 
perpendicular to B, then trajectory of the 
electron is 
(a) straight line 
(c) helical 


(b) circular 
(d) zig-zag 
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70, If this electron of charge le) ів moving 
parallel to uniform magnetic field with constant 
velocity v, the force acting on the electron in 

Ре 


(b) — 


(a) Bev 
Р v 


В 
(c) 一 
е 


y 
Case ШІ : Head the passage given below and 
answer the following questions from 71 to 75. 
Blot-Savart Law 


A magnetic field can be produced by moving, 
charges or electric currents, The basic equation 
governing the magnetic field due to a current 
distribution is the Biot-Savart law. 
Finding the magnetic field resulting from a 
current distribution involves the vector product, 
and is inherently a calculus problem when the 
distance from the current to the field point is 
continuously changing. 
According to this Jaw, the magnetic field at a point 
due to a current element of length di carrying 
current І, at a distance r from the element is 
I(di x?) 

E 
Biot-Savart law has certain similarities as well ав 
difference with Colournb’s law for electrostatic field 
eg. there ів an angle dependence in Biot-Savart 
law which is not prevent in electrostatic case, 


(d) zero 


8-7 
й8= 22 


71. The direction of magnetic field dË due to 
a current element ДЇ at a point of distance F 
from it, when a current J passes through a long 
conductor is in the direction 

(a) of position vector 7 of the point 

(b) of current element d 

(c) perpendicular to both df and F 

(d) perpendicular to df only 


72. The magnetic field due to a current in a 
straight wire segment of length L at a point 
on its perpendicular bisector at a distance r 
(r >> І) 

1 1 


(a) decreases ав 了 (b) decreases ne 


(c) decreases as L 


P 


(d) approaches a finite limit as r > © 


73. Two long straight wires are set parallel to 
each other. Each carries a current i in the same 
direction and the separation between them is 


2r. The intensity of the magnetic field midway 
between them is 


5 U 
fbj 4 ur 
(d) рде 
74. Along straight wire carries a eurrent along 


the z-axis for any two pointe in the x. - y plane. 

Which of the following is always false? 

(2) The magnetic fields are equal. 

1b) The directiona A the magnetic fields are the 
same, 

(с) The magnitudes of the magnetic fields are 
equal. 


(d) The field at one point is opposite to that at 
the other point. 


fa) yir 
(c) zero 


75. Biot-Savart law can be expressed 
alternatively as 
(a) Coulomb's Law 
(b) Ampere's circuital law 
(c) Ohm's Law 
(d) Gauss's Law 
Case IV : Read the pazaage given below and 
answer the following questions from 76 to #0. 
Conversion of Galvanometer t9 Voltmeter 
A galvanometer can be converted into voltmeter 
of given range by connecting a suitable resistance 
R, in series with the galvanometer, whose value 
is given by 

v 


R,=—-G 


I, 


where V is the voltage to be measured, J, is the 
current for full scale deflection of galvanometer 
and G is the resistance of galvanometer. 


ГА 5, 


1 vox 

Series resistor(R,) increases range of voltmeter 
and the effective resistance of galvanometer. It 
also protects the galvanometer from damage due 
to large current. 

Voltmeter is a high resistance instrument and it 
is always connected in parallel with the circuit 
element across which potential difference is to 
be measured. An ideal voltmeter has infinite 
resistance. 

In order to increase the range of voltmeter n 
times the value of resistance to be connected in 
series with galvanometer is R, = (л — 1)G. 


A ааа А SS 


70 


current can pass through a 
ds Sea e of resistance 25 0. What — 
in series should be connected through it, sot 
it is converted into a voltmeter of 100 V? 

(a) 0.975 (1 (b) 99.75 0 
(c) 9752 (d) 9975 0. 


77. There are 2 voltmeter A, B, C having, na 
same range but their resistance are 15, : p 
10,000 Q and 5,000 £1 respectively. The be 

voltmeter amongst them is the one whose 


resistance is 
(b) 10, 000 2 


(а) 5000 (1 
(c) 15, 000 £2 (d) allare equally good 
5 mA and 


78. A milliammeter of range 0 to 2 і 
resistance of 10 О is to be converted into a 
voltmeter with a range of 0 to 25 V. The resistance 
that should be connected ín series will be 

(a) 9202 (b) 960 N) 

(c) 990 £1 (d) 1010 £2 


39, To convert a moving coil galvanometer 

(MCG) into a voltmeter 

(a) a high resistance R їз connected in parallel 
with MCG 

(b) a low resistance R is connected in parallel 
with MCG 

(c) a low resistance R is connected in series 
with MCG 

(d) a high resistance К is connected in series 
with MCG 

£0, The resistance of an ideal voltmeter is 

(a) zero (b) low 

(e) high (d) infinity 

Case V ; Read the passage given below and 

answer the following questions from 61 to 85, 

Magnetic Field Due to Solenoid 

A solenoid ів и long cil of wire tightly wound 

in the helical form. Bolenoid consists of closely 

stacked rings electrically insulated from euch 

other wrapped around a non-conducting cylinder, 

Figure below shows the magnetic field Iines of 

a solenoid carrying à steady current L, We me 

that if the turns nre closely spaced, the resulting 

magnetic field inside the shend becomes fairly 

uniform, provided that the length of the solenoid 

ig much greater than its diameter, Vor an "ideal" 

solenoid, which їз infinitely Jong with turns 

lightly packed, the magnetic field inside the 

silenoid is uniform and parallel to the axis, and 

vanishes outsíde the solenoid, — 
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ng solenoid has 800 turns per metr, 
Bi, ih of sol ыу A current of 1.6 A flows 
through ít. The a УИ at the end 
lenoid on its axis 18 

alee 104 T (b) 8х 104T 

(c) 22» 10 ^T (d) 4» 10^ T 

82. Choose the correct statement from the 

following. ; u 

(a) The magnetic field inside the solenoid is less 
than that of outside. 

(b) The magnetic field inside an ideal wolencid 
ia not at all uniform. 

(c) The magnetic field at the centre, inside an 
ideal solenoid is atmost twice that at the 
ends, 

(d) The magnetic field at the centre, inside an 
ideal solenoid ів almost half of that at the 
ends, 

83, The magnetic field (B) inside a long 

solenoid having n turns per unit length and 

carrying current I when iron core is kept in it 
is (py = permeability of vacuum, у, = magnetic 
susceptibility) 

(a) poni = 4) (b) ug nl X, 

(c) pg n^ (1 + 4) (d) yg nl +7) 

84, A solenoíd of length L and having n turn? 

carries a current J ín anticlockwise direction 

The maynetic field is 

(a) иу 


(c) along the axis of solenoid 
(d) perpendicular to the axis of coil 


Moving Charges and Magnetism 


85. The magnitude of the magnetic field inside 
a long solenoid is increased by 
(a) decreasing ita radius 


fb) deereasinz the eurrent through it 
fe) inereaaing ita area of ersea-section 
(d) introducing а medis Ahigher permeataty 


2) Assertion & Reasoning Based MCQs 


For question numbers 26-100, two етет, we guerre atu Lp (А) mata te ap 


22 22 


Select the correct answer to these questions from the cz (2), GI C) #42 I x gw t 
(a) Both A and R are true and R is the correct explanation of A 
(b) Both A and R are true but R is NOT the correct explanation of A 


(c) Ais true but Ris false 
(d) Ais false and R is also false 


86, Assertion (A) : In electric circuita, wires 
carrying currents in opposite directions are 
often twisted together. 

Reason (R): If the wire are not twisted together, 
the combination of the vires forma a current loop. 
The magnetic field generated by the loop might 
affect adjacent circuits or components. 


87. Assertion (A) : When two long parallel 
wires, carrying Current ín the same direction, 
hanging freely are connected in parallel to a 
battery, they come closer to each other. 
Reason (R) : Wires carrying current in opposite 
direction repel each other. 


88. Assertion (A): When the observation point 
lies along the length of the current element, 
magnetic field is zero. 

Reason (R) : Magnetic field close to current 
element is zero. 


89. Assertion (A) : A solenoid tends to expand, 
when a current passes through it. 

Reason (Н) : Two straight parallel metallic 
wires carrying current in same direction repel 
each other, 


90. Assertion (A): In a conductor, free electrons 
keep on moving but no magnetic force acts on a 
conductor ín a magnetic field. 

Reason (R) : Force on free electron due to 
magnetic field always acta perpendicular to its 
direction of motion. 


91, Assertion (A) : When force is zero, the 
charged particle follows linear path, 

Reason (IU :Acharged particle enters in a uniform 
magnetic field, whose velocity makes an angle 0 
with magnetic field will cover a linear path. 


92, Assertion (A) : When current is represented 
by a straight line, the magnetic field will be circular. 
Iteuson (It) : According to Flemings left hand rule, 
direction of force is parallel to the magnetic field, 


93. Assertion (А) : An electron and proton 
enters a magnetic field with equal velocities, 
then, the force experienced by proton will be 
more than electron. 

Reason (К) : The mass of proton is 1999 times 
more than the mass of electron. 


94, Assertion (A) : Magnetic field is usefal in 
producing parallel beam of eharzed particle. 
Reason (R) : Magnetic field inhibits the motion 
of charged particle moving across it. 

95. Assertion (A): When a magnetic dipole is 
placed in a non uniform magnetic field, only а 
torque acta on the dipole. 

Reason (H) : Force would act on dipole if 
magnetic field is uniform. 


96. Assertion (A) : Magnetic moment is 
measured in joule/tesla от amp тш. 
Reason (R) : Joule/tesla is equivalent to amp m*. 


97. Assertion (A) : Voltmeter i» connected in 
parallel with the circuit. 

Reason (R) : Kesistance of a voltmeter is very 
large. 


98. Assertion (A) : Magnetic field lines can be 
entírely confined within the core of a toroid, but 
not within a straight solenoid. 

Reason (Н) : The magnetic field inside the 
solenoid is uniform. 


99. Assertion (A) : An ammeter is connected in 
series in the circuit. 

Reason (IU : An ammeter is a high resistance 
galvanometer. 


100. Assertion (A): The magnetic field intensity 
at the centre of a circular coil carrying current 
changes, if the current through the coil is 
doubled. 

Reason (It) : The magnetic field intensity is 
dependent on current in conductor, 


ae er enata 


ol 


these are the result of 


: i correct and 
UN Ub is aas Hans Christian Oersted 


experiments done by Danish physicist 
in 1820. 

hi 
2. (0) :in arrangements (a), (b) and (d), the px zr : 
centre due to the currents flowing in the square с is ó 
zero. The field here in option (c) due to the currents lowing 


and out of the frame is non-zero. 
з. (0 : Нее, [p= 1mA=1 x 109A, G= 10.9 


I, R 
From the figure р > 
y 
V=I,(G+R) or R-p-G 
Substituting the given values, we get, 


R= 2.5V ~102=2500N-102 = 2490 Q 
1x10? A 


4. (d): As B-B, * B 


Substituting these values in equation (i) we get, 
B-Heloi.jek 
Вт ет rà j*k] 


-2 
Неге, ө=5,7=4Аам R=5cm=5x10 m 


X 二 (十 7 + 大 
26 j 
=10p(î+ j* ) T 


V 
:R-—-G 
5. (Ы): R 1, 


Putting V- 2% Ij 2mA 72x 10А, 6= 120, 


.  R=——-12=1000-12=988 Q 
E: 2x10? 


6... (a): Here |, 2 5 = 30А, /= im, 
т=39=3 х 1073 
In equilibrium position, 


2x30x30x1 

. mg 3x10? x10 

7. (a): Formeter M, R,— 100; №, 730/44 73.6x 10? m; 
B,=0.25T =k — 


=0.6 cm 
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Wu 


= Т; =k 
B, 0.50 ЯЯ 3 


itivity, l7 7 
So, current sens! 5 

41k 42x0.50x1.8x10 к a 
Iz, Ваа m x025x36x107 / k 


T, MBAM 3007 94 


and voltage sensitivity, V, i 
V, №8010) ) NB Rh 
Y R) NBA Rk 

Now ЙЕ” BATA) М 


3) x i0xk 
0.50% (18x10 )XioX= _ | 
X 3) x14xk 


5, — 739x025xQ.6x10 "n 
The ratio of current sensitivity and voltage sensitivity of 


the M, to M, is 14:1 
8. (d: Rg = 502, R=39, | 
-. Total resistance of circuit in serles, 
Reg = Ret R=50+3=53Q 
5 20,0944. 
5 
Ест 
Rg tts 
Hee,  Ag= 702, 1,= 0.03 2 


700.03 _ 0,02998 = 0.03 Q 


= 一 一 一 一 二 


70+0.03 


2. Сштепї, J= 


9. (d): R= 


10. (a) : As в= Holl Here N 2100, 1232 A, 


R- 10cm 2 10x10? m 
p 49107 x100x32. 9 01x10 T 
2x0.1 

11, (c) : The magnetic moment is given by 
m= NA - Nin? 

=100 x 20x 3.14 x (5 х 1072) ; 

= 100 x 2.0 x 3.14 x 25 x 1074 = 1.6Am 
12. (b) | 
13. (c) : For mid-air suspension, the upward force F on wire 


due to magnetic field B must be balanced by the force due to 
gravity, then 


Неге, т = 12kg,g- 10 т572, /= 5А, 12 1m 


12x10 
Bz = 
Sxl 24T 
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14. (b): Given v= 2.98 x 107 m s! 
mQ-9.1 x 1073! kg 


As electron is a moving charged particle, its total energy is 


contributed by kinetic energy only. 
д Е=тт? =5x9.1x107! х (2.98107) = 40х10! J 


40x1077 
= 1.6x10-59 
15. (a) 16. (d) 
17. (а): Неге, т = 500 g = 0.5 kg, 
1=4A;1/=2.5m 
As Ё=ЙхВ => F=IIBsin0 
mg = IIB sin 90°, (> @=90° and F= mg) 
0.5x10 


=25x100=2.5x10? eV 2 25 keV 


18. (b): Total initial resistance = G +R 
250-4 29500 = 30000 


зу 
3000 Q 


If the deflection has to be reduced to 20 divisions, then current 


Current, J = =1x103 A -1mA 


Let x be the effective resistance of the circuit, 


3V 23000 Qx1 mA 2 x Qx2 mA 


or x=3000x1x3 = 45000 


-. Resistance to be added = (4500 0—50 О) = 44500 
19. (с) : Here, N= 150; 
г= 12 т = 12 х 102m 
1= 2А 
MoM _ 2nx10~7 х150х2 


B= = 
2R 12x10? 


-2157x103T2157x 104T = 15.76 


20. (с) : Since dl and r for each element of the straight 
segments are parallel. Therefore 

dixr-0 

Hence, B is also zero. 


=1.57x10° T 


21. (a): F - ПВѕіпӨ or sing- —- 


ПВ 


22. (a): Неге, /= 2.5 A, [= 50 ст = 0.50 т 


and п= 100. +! 
п 0.50 200 m 


4xx10^ x200x2 
p.p. 229015 5314 x 104T 


50 x10 5 m? 
китти 
25. (а): Here, N= 90 
R=15an=15x102m.B=4x1034T 
s в- ЊМ 
2R 
2х15х1072 x 4x107* 


= -1.06A. 
4xx107 x90 


26. (с) : ав Ро 1201919 
© аз 4л r? 

Неге, dl=Ax=0.05m,/=10A,r=1m 
5іпӨ = sin 90° = 1, 

10x 0.05 x1 
ay 


27. (a): g =L 
2 AR? €x" 


Неге, [2 125A R23an 23x 107m 
x=4am=4x 102 т 

Ы Axx107 x12.5x (31072) 

243x107)? « (ax102y?]? 

28. (b): Here, B= 5.4 x 10^T; 
r=32cm=32x 1072 m; 
v 22.5 MHz = 2.5 x 106 Hz 

The speed of electron on circular path 
у=гх2то 
232x102x2x3.14 x 2.5 x 108 
= 502.4 x 10* = 5.024 x 108ms* 


29. (b): The magnetic field from the centre of wire of radius 
Ris given by 


(89 


and в= Во >к) => Beet 
2nr r 


dB-107 x -20.50x107 2 50x10 * T 


B 25.65x10? T 


(r«R) => Bar 


From the above descriptions, we can say that the graph (b) is a 
correct representation. К 


—— н + drm rmm VER id коне He 


m 


‚= 


(using @) 


2 B,q and V are same os) 
A ос R? » ' А 
ы М=К р two particles 


32. (c) : Here, 
п= = 1000 tums/m, I=4A 
0.6 1 


1=0.6m, r=0.02m +. -230iel»»r 


F 
Hence, we can use long solenoid formula, А 
В-ро = 41х1077 x10 х4=5024х10 


= 5.024 х 10°T 


33. (с) ( 

34. (a): The number of turns per unit length for the given 
E N 

toroid n = = 

The average radius of toroid 
| 28429 
arm 


-28.5cm-285x10? m 


3700 = 2067.27 = 2067 
2x3.14%28.5x107 


Now, B= unl = 4л x 107 x 2067 x 10 
= 259615.2 x 107 T = 2.60 x 10?T 
35. (b): The magnetic moment is given by 
1#1= МА = Nin” 
= 200 x 4 x 3.14 x (15 x 1072} 
= 200 x 4x 3.14 x 15 x 15 x 104 = 56.5 Am? 
36. (a) 
37. (с) : Here N= 100 
В=9ст=9 х 1072 тапі/= 04A 
_HoNI _ 271077 x100x0.4 
New, Ве ат 
= PEE дуз = 0.27910 т=279х10+ т 
38. (a) ;1= 40А 
г= 15 ст = 15 x 102m 


А п= 
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nter torque 10 prevent the coil from turning wii " 
posite to the torque acting on the coil, 


ө = Nin Bsin 30° 


1 
[242 = 
_ 70x 8x3:14% (5X10)? х1.5х-— = 3.297 Nm 


=3.3Nm 
=4A b=7A 
с): Here, = 4A k 
5 © d=5m=5x 1072 т, 1= 8 ст =8х 192, 
Ho 241 107 х2х4х7 


= — 


Prin d 5x10? 
= 89.6 x 107 N 2 9 x 199N 


41. (b) : F= /IBsin8 
Here, Ө = 90°, 1= 10A, 
j=8cm=8x 10? m, B=0.3T 
. F=10 x 8 x 102 x 0.3 x sin90° = 0.24 N 


42. (b): 1= 104,0 = 45°, B=0.2T 
s FelixB = F-IllBsinQ 
F 


= 1 ч 
^ = IBsin4$^ - 10x02x 77 = Nm! 
^3 


43. (a) : The torque acting on the coil 17-1 mx Bl=mBsind 
Here the circular coil is placed normal to the direction of 
magnetic field thus the angle between the direction of 
magnetic moment (i) and magnetic field (В) is zero. 

- t= mBsin@ = mBsin 0° = 0 2 т=0 

44. (c) : Since magnetic torque on the coil, т = МАВ 

This torque is balanced by counter torque 

2 k= МАВ or e (225 
where К is torsional constant. It is a scalar quantity having 
dimension of torque or energy i.e. (Mi?T?]. 

45. (c) : Current sensitivity of galvanometer is deflection pe 
unit current i.e. 


Similarly voltage sensitivity is deflection per unit voltage і 


ree ^ 


V 
From (i) and (ii) 
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itivity = current sensitivi 
Voltage sensitivity = current sensitivity x Ratan 


Now if current sensitivity is doubled, then the resistance in the 
circuit will also be doubled since it is proportional to the length 


of the wire, then voltage sensitivity 
1 


(2x Resistance) 
1 


Resistance 
Hence, voltage sensitivity will remain unchanged. 
46. (с) : From ampere circuital law 

фВ-ай= ны 


= (2xcurrent sensitivity) x 


(current sensitivity) x 


Bx 21H = рул 
в = Hotere -2x107 75 sig T 
2nR 3 
The direction of field at the given point will be vertical up 
determined by the screw rule or right hand rule. 
47. (b): The galvanometer can be transformed into a 
voltmeter by applying a high resistance in series. If the series 
resistance is R, then total resistance in circuit = (15 + A) О 
3 
Now 15+R= P. 18 1810 
I 4x10 4 
- R=4500-15= 44850 
48. (b): Let the electron (e) is projected with a uniform 
velocity (v) in a uniform magnetic field B. The magnitude of 
force on it is 


| F |= -e| vx B |= —evBsin 
As 0-0,|F|-—evBsina- 0 


Hence the electron will continue to move with a uniform 
velocity along the axis of the solenoid. 


49. (c) : For six Layers of windings, the total number of turns 
= 6 х 450 = 2700 
Now number of turns per unit length 
йы 210 
! 90x10? 

Then the field inside the solenoid near the centre 
B= ponl = 4n x 1077 x 3000 x 6 = 727 x 10 4T = 72r G 
50. (a): т = МАВ5іпӨ 
Неге, N= 25, /= 104, B2 0.91, Ө = 30° 

Aza = 12 х 1072 х 12 х 1072 = 144 х 10% m? 

т= 25 х 10 х 144 x 107 х 0.9 х sin 30° = 1.6 Nm 


= 4.510 


51. (b): Forceoneach electron, ev,B= Ја 


nA 


Here, | = 5А, В= 0.17, n= 102 m3 A= 105 m? 
=5x105N 


52. (a) : The time period of revolution of a charged partide in 
a magnetic field is 
„2юн 


Bq 
For proton, mp = M, qp - q 


53. (9): Неге, | 2А, 52 12A 
r= 100 mm=0.1m,/=2m 


The force per unit length on small conductor due to long 
conductor j 


Now total force on length / of small conductor 


F=patex 25, 107 x2x2x12x2 соо 
4r r 0.1 

54. (c):Due to perpendicular component the charged 

particle will describe a circular path and due to parallel 

component it will move linear distance along the magnetic 

field. Hence, it will follow a helical path. 


55. (b):A voltmeter is a galvanometer having a high 
resistance connected in series with it. The current through the 
galvanometer is 


An ammeter is a galvanometer having a low resistance 
connected in parallel with it. The shunt resistance S is 
determined from 


1. 5 


1-1, G 
where G = 300 О (Given) 
For l= 5А, we get 
1/60 $ 

s-q/6) 300 ^ 3719 
56. (b):As the action and reaction are instantaneous in 
Newtons third law, but magnetic forces transmit with finite 
speed c. 


76 61 


S+G) = 2+40 0.010.214 


57. (а): J= 78 А 2 
58. (b): \т1=1тхЁ!= mBsin8 


°В=51 
Here, m= 25 A m^; 0 = 60% B 5 


. 1225 x 5 x sin 60° 


5. 10825 Nm 


07 т=125х 2 
59. (d): Magnetic field at the cen 


through the curved portion DAis 
x Jae the plane of the paper 


I 


tre M due to current 


2 


pu ET into the plane of the paper 
8R 


Magnetic field at the centre M due to 
current through the straight portion AB 
is B, =0 

(+ Point M lies on the 
Magnetic field at the centre M due to cu 
curved portion BC is 


= Hol x X into the plane of the paper 
y d 4r(2R) 2 


D, 
C 


axis of the straight portion AB) 
rent through the 


= Bol into the plane of the paper 
16R 


Magnetic field a 

д е A3 
straight portion CD is B, 
(+: point M lies on the axis of the straight portion CD) 


The resultant magnetic field at M is 


t the centre M due to current through the 


= oe into the plane of the paper 
16 


60. (b): To utilise a galvanometer (G) as ammeter, there is 
the difficulty in measurement of current due to the sensitivity 
of galvanometer and also connection of galvanometer with 
a very large resistance in series that may change the value 
of current in the circuit. To overcome these difficulties one 
attaches a small resistance r, called shunt resistance in parallel 
with the galvanometer coil as shown in the figure, 


D 


S0, magnetic f 


63. (a): Magn 


wire is given а 
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(a): Magnetic field due to a long current сатуу Wire, 


ice toe» 
ield, B= zm 


etic field due to a long straight wire of ra А 
ing current / at а point distant г from the centre of ty 
| 

3p s follows 


for r>a 


The variation of magnetic field B with distance г from t 
centre of wire is shown in the figure. 


64. (d): Let the magnetic fields due to a long straight wie 


of radius R carrying a steady current Гах a distance r fromthe 


centre of the wire are 


d R. 
So, the magnetic field at r = 2 is В = "i 


yr E -bo 
andatrz 2Ris By = TOR) ANR 
-. Their corresponding ratio is 
B, (uol/AxR) _| 
B, (ugl/AnR) 
65. (c) 


66. (b: As, л = 


67. (с) : 


Thus, it remains same as it is independent of veloci 


68. (b): ASFLB 
Hence, a L B 

a-B =0 
э (х1+2)).01+4))=0 


2x+8=0 = x--4ms? 


Moving Charges and Magnetism 


69. (c): If the charged particle has а velocity not 
perpendicular to B, then component of velocity along 
B remains unchanged as the motion along B will not be 
affected by В. 

Then, the motion of the particle in a plane perpendicular to 
B is as before circular one. Thereby, producing helical motion. 
70. (d) : The force on electron F = qvBsino 

As the electron is moving parallel to B 

So, Ө = 0° = qvBsin 0° = 0 

71. (c) : According to Biot-Savart's law, the Magnetic 
induction due to a current element is given by 

= Uo IdlxF 

dB - / a 

This is perpendicular to both аї and F . 


72. (b): From Biot-savart's law, 

„Boll 1, dBal 
d= n 22 іе. dB 2 

: Bao. i Mo i 

73. (Ө: В 2тт 2r r 
74. (a) 
75. (b): Biot-Savart law can be expressed alternatively as 
Ampere's circuital law. 


76. (9) : galvanometer can be converted into a voltmeter 

of given range by connecting a suitable high resistance R in 

Series with the galvanometer, which is given by 

R-Y.g. 10 
I, 10x10? 

77. (c) : An ideal voltmeter should have a very high resistance. 


过， =1000.9 
25x10 


-25-10000-25 = 9975 О. 


78 (с): Resistance of voltmeter = 
^ Х=1000-10=9900 

79. (d) : To convert a moving coil galvanometer into a 
voltmeter, it is connected with a high resistance in series, The 
voltmeter is connected in parallel to measure the potential 


difference, As the resistance is high, the voltmeter itself does 
Not consume current, 


80. (d) : The resistance of an ideal voltmeter is infinity. 

81. (b): As p x Hol _ (45x 107) x S00 x 1.6 
=8x104T ? 2 

82. (c) : Magnetic field at one end of a solenoid carrying 


current is в = Hor 
2 
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Magnetic field inside the solenoid is uniform and is given by 
B, = ponl 

83. (d) : Magnetic field inside a long solenoid with an iron 
core inside it is B= y nl 

But р=р(1 +) у. B= ug + yal 

84. (с) : A solenoid of length 1 and having n tums carries 
a current / in anticlockwise direction. The Magnetic field is 
Hon! 


EE Its direction will be along the axis of solenoid, 


85. (d) 


86. (a): If the wires are twisted together, they can be 
modelled as a single wire carrying current in the opposite 
directions. In this model, no magnetic field is induced in the 
wires which does not affect adjacent circuits. 


87. (b): The wires are parallel to each other but the direction 
of current in it is in same direction so they attract each other. If 
the current in the wires is in opposite direction then wires repel 
each other. When the currents are in opposite directions, the 
magnetic forces are reversed and the wires repels each other. 


88. (c) : Since dB = sin@ , where Ө is angle between the 
direction of the flow of current and the line joining the 
elementary portion to the observation point which is zero in 
this case, so the magnetic field is also zero (because sind is 
equal to zero). 


89. (d) : When current flows through a solenoid, the currents 
in the various turns of the solenoid are parallel and in the same 
direction. Since the currents flowing through parallel wires in 
the same direction lead to force of attraction between them, 
the turns of the solenoid will also attract each other and as a 
result,the solenoid tends to contract. 


90. (c) : In a conductor, the average velocity of electrons is 
Zero, Hence no current flows through the conductor. Hence, 
no force acts on this conductor, 


91. (c) : When charged particle enters the uniform field 
they makes angle @ with the field. Then its path is decided by 
combined effect of two component of velocity. исоѕ0 is parallel 
to the field. Due to the parallel field the charge will follow a 
linear path and due to the perpendicular component (vsin8) 
of the field will be circular. This results in a helical path whose 
axis is parallel to the parallel component of the field, 
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92. (c) : When curent is staight, 
passing through a straight conductor, the А 
produced due to current through ê straight 
in the form of concentric Girculer 
whose centres lie on the linear condi 
perpendicular to the plane of linear conductor. 
magnetic field is circular. 
93. (d): The force experienced by a charge 
magnetic field is given by, И 
F=q(¥x8) 
which is independent of mass. As q, v and B are same for bol 
the electron and proton, hence both will experience 
force. 
94. (a) 
95. (9) : in a non-uniform magnetic fiel 
force both act on the dipole. if magnetic 
force on dipole would be zero. 


d, a torque and a net 
field is uniform, net 


joule ‘ad W = 


96. (а): Magnetic moment = ^ "pg Р/ду 


way _ [wer?]larllor?] 


Е [міт] 


= AU = amp m? 
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9]. (а): Avoluneter is always connected in parallel LIN 


resistance. r 
» Чы: Magnetic field lines can be entirely confined t 


core of a toroi 


d because toroid has no ends. It can Ne 


the field within its core. A straight solenoid has two ony 
tire flux were confined between these ends, the ta 
the мох the cross-section at each end would be onn 
pea + An ammeter is a low resistance galvanomete у 
: sed to measure the current in amperes. To Measure the 
yas of a circuit, the ammeter is connected in series inte 
circuit so that the current to be measured must Pass 
it. Since, the resistance of ammeter is low, so its inclusion 
series in the circuit does not change the resistance and head 
the main current in the circuit. 
100.(a) : The magnetic field at the centre of circular coi 


given by, 


So if current through coil is doubled then magnetic field is p 


= 2B. 
The magnetic field also get doubled. The magnetic field i 


directly proportional to the current in conductor. 


eoo 


Magnetism and 


ET Recap Notes 


Magnetic dipole : A magnetic dipole 

consists of two unlike poles of equal strength 

and separated by a small distance. For 
example a bar magnet, a compass needle 
etc., are magnetic dipoles. 

» Magnetic dipole moment : It is defined 
as the product of strength of either pole 
(т) and the magnetic length (27) of the 
magnet. It is denoted by M. 

Magnetic dipole moment - strength of 
either pole magnetic length 
М=т(21) 
Magnetic dipole moment is a vector 
quantity and it is directed from south 
to north pole of the magnet. 
The SI unit of magnetic dipole moment 
is А m2. 
If a magnet of moment M and pole 
strength m is cut into two equal parts 
along its length, then pole strength 
of each part is m/2 and the magnetic 
moment of each part is M/2. 


If a magnet of magnetic moment M 
and pole strength m is cut into two 
equal halves along perpendicular to its 
length, the pole strength of each part is 
m and magnetic moment of each part 
is M/2. 

Circular Current Loop as a Magnetic 

Dipole 

> Magnetic moment of circular current loop, 

m=IA=InR? 
> Magnetic field perpendicular to the loop, 


(For x>>R) 


» Magnetic field in the plane of the loop 
(x>>R) Ako, B, =2xB, 


Here, x is distance from the centre of the 
loop of the radius R. 

» These expressions are analogous to the 
electric field due to short dipole. 

Torque on a magnetic dipole placed in a 

uniform magnetic field : When a magnetic 

dipole of dipole moment M is placed in a 

uniform magnetic field B, it will experience 

a torque and is given by 

t= МАВ sin8 

э t=MxB or t- MBsin8 

where magnetic moment, M = NIA and 8 is 

the angle between M and B. 

> Torque acting on a dipole is maximum 
(Tnax = MB) when dipole is perpendicular 
to the field and minimum (1 = 0) when 
dipole is parallel or antiparallel to the 
field. 
When a dipole is placed in a uniform 
magnetic field, it will experience only 
torque and the net force on the dipole 
is zero while when it is placed in a non 
uniform magnetic field, it will experience 
both torque and net force. 

Work done in rotating the magnetic 

dipole in a uniform magnetic field : Work 

done in rotating the magnetic dipole from 0, 

to Ө, with respect to uniform magnetic field 

is 


D 
W= Ї мв їп Ө dð =—MB (cos8, — соѕ0,) 
$ 
= MB(cos0, — соѕ0,) 
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> Ifthe dipole is rotated from field direction 

Le. 6, = 0° to position B Le, Ө, = 9 

W= MB (1 – cost). 
ə Potential energy of a magnetic dipole : 
Potential energy of a magnetic dipole іл а 
uniform magnetic field is 

U--M Ë=- МВ соне 

> The potential energy of the dipole will 


be minimum (= ~ MB) when Ө = 0°, Le. 
Пе! to the field. and 


maximum (= MB) when 6 = 180°, L€., the 


dipole is antiparallel to the field. 
E Magnetic Dipole Moment of a Revolving 
Electron 


ev 


>, € 
> Orbital current, les = 


€ 


Hydrogen-like stom m 
Bohr modci 
Magnetic moment, 


E NC = 
ш 2 
(7Le mor) 
> Vectorially, ji, =--—Z 
» By p 
e 


» Gyromagnetic ratio, P = 
L 2m, 
» Bohr magneton, 


t -24 2 
(ш), = #=9.27к107*А ш 
mh Anm, 


e Bar Magnet as an Equivalent Solenoid 
> Given figure is used for calculation of the 
вхів) field of a finite solenoid in order to 
demonstrate its similarity to that of a bar 


magnet. 
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» Magnitude of the magnetic field at. { 


P due toa circular element shown in we 


Net magnetic field 
21 di 


чї = юар? 


For a far axial point of the solenoid i, 
p>>aandr>>L.[ir-2) + а??? „а 


2/4 2 
. р Hoan = МО іа. 
EC PR J e 


Magnetic moment of solenoid, m = п 


Which is the magnetic field due to , 

bar magnet at far axial point obtain; 

experimentally. 

Hence a bar magnet and a solenoj 

produce similar magnetic fields. 
Gauss's law for magnetism : Gauss's lay 
for magnetism states that the net magnetic 
flux through any closed surface is zero. 

$ = У В x AS =0 
all area 
elements 

This law establishes that isolated magnetic 
poles do not exist. 
Elements of the earth’s magnetic field 
Magnetic declination : The vertica! 
plane passing through the geographica 
north pole and south pole at given place 
is known as the geographical meridian of 
that place. And a vertical plane passing 
through the axis of a freely suspended 
or pivoted magnet is known as magnetic 
meridian. Magnetic declination at г 
place is defined as the angle between 
the geographic meridian and magnetic 
meridian, 
Magnetic dip or inclination : Magnetic 
dip at a place is defined as the angle made | 
by the earth’s magnetic field with the 
horizontal in the magnetic meridian. lt i 
denoted by б. 
Horizontal component : It is th 
component of earth's magnetic field alonj 


> 


Er 


ЖЕЕ pi tm 
the horizontal direction in the magnes; " 
meridian. It ія denoted hy By s: - The Earth siways has э vertical 
X [f Bis intensity of eaeth/a total magnetic COnrpement венер at «ые / 
field. then the horizontal component of - Im a vertes} piane at an д 
earth's magnetic field ія given by Magnetic meridian | wre 
Bg = B cond Hy = Бот and X, = A, 
The Earth always has 3 horizontal 
component except at the poles 
component of гата 


magnetic field. B, = Bsind 


> if at a given piace 5, and 
Ó are 

dip in two arbitrary ， = 5 angles of 
are gercendie lar to eneh other. the trae 
angle of do 5 «s oven by n 
ent 75 = t75, » eol, 

> Angie of dip 5 st a piace is related to its 

netic latitude А through the relation 

tan å = 2 tanh 
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= Multiple Choice Questions (MCQs) 一 一 一 


1. The earth behaves as a magnet with 
magnetic field pointing approximately from the 
geographic 

(a) North to South (b) South to North 

(c) East to West (d) West to East 


2. Magnetic moment for a solenoid and 
corresponding bar magnet is 

(a) equal for both (b) more for solenoid 
(c) more for bar magnet (d) none of these 


3. The magnetic moment of electron due to 
orbital motion is proportional to (n - principle 
quantum number) 
Lp (d) n 

n 


(a) = (c) n? 


п? 


4. А solenoid of cross-sectional area 2 x 107 m? 
and 900 turns has 0.6 A m? magnetic moment. 
Then the current flowing through it is 
(a) 2.24 А (b) 2.34mA 
(c) 3.33 А (d) 3.33mA 


5. The strength of the earth's magnetic field is 
(a) constant everywhere 

(b) zero everywhere 

(c) having very high value 

(d) vary from place to place on the earth surface 


6. The equatorial magnetic field of earth is 
0.4 G. Then its dipole moment on equator is 
(a) 1.05 x 1025 A m? (b) 2.05 x 1077 Am? 
(c) 1.05 x10? A m? (d) 2.05 x 10?! Am? 


7. Inthe magnetic meridian of a certain place 
the horizontal component of earth's magnetic 
field is 0.25 G and dip angle is 60*. The magnetic 
field of the earth at this location is 

(a) 0.50 G (b) 0.52G (с) 0.54G (d) 0.56 G 


8. Acircular coil of radius 10 cm and 100 turns 
carries a current 1 A. What is the magnetic 
moment of the coil ? 

(a) 3.142 A m? (b) 3.142 x 10* A m? 
(с) ЗА m? (d) 10* A m? 

9. Which of the following is correct about magnetic 
monopole? 

(a) Magnetic monopole exist. 


(b) Magnetic monopole does not exist. 

(c) Magnetic monopole have constant valy 
monopole momentum. 

(d) The monopole momentum increase due "Я 
increase at its distance from the field. 


10. Acurrent loop in a magnetic field 

(a) can be in equilibrium in two orientations 
both the equilibrium states are unstable. ` 

(b) can be in equilibrium in two orientation; 
one stable while the other is unstable.  ' 

(c) experiences a torque whether the field i, 
uniform or non uniform in all orientations, 

(d) can be in equilibrium in one orientation. 


11. Relation between magnetic moment and 
angular velocity is 

(a) M = w (b) M = o 

(с) MeJo (d) None of these 

12. A planar coil having 12 turns carries 15 A 
current. The coil is oriented with respect to the 
uniform magnetic field B = 0.27 T such that its 


directed area is A=-0.04i m?. The potential 


energy of the coil in the given orientation is 
(a) 0 (b) 40.72 J (c) 41.44 J (d) -144J 


13. Point out the correct direction of magnetic 
field in the given figures. 


e of 


14. The graph of magnetic moment р of a 
revolving electron around the nucleus versus 


principal quantum number n is 
(a) Straight line (b) Hyperbola 
(c) Parabola (d) Circle 
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15. The ratio of the magnetic dipole moment to 
the angular momentum of the electron in the ls 


orbit of hydrogen atom is 


(c) 2m 
e 


e E m 
Gu Pa @ 2 
16. Ап electron of charge e is orbiting in a 
circular path of radius r with a uniform speed 
v. Its magnetic moment will be 
evr 
(а) 727 (b) evr 
17. Magnetic field at the centre of a circular loop 
of area A is B. The magnetic moment of the loop is 
(b) Bala 


0 
(a) 2BAVA 


шул 
18. The dip angle at a location in southern India 
is about 18°. Then the dip angle in Britain will be 
(a) Greater than 18? (b) Lesser than 18° 
(c) equal to 18? (d) zero 


19. A 100 turn closely wound circular coil of 
radius 10 cm carries a current of 3.2 A. The 
magnetic moment of the coil is, approximately, 
(a) 5A m? (b) 10 A m? (c) 20 A m' (d) 40Am? 


20. A closely wound solenoid of 2000 turns 
and area of cross-section 1.5 x 10“ m? carries 
a current of 2.0 A. It is suspended through its 
centre and perpendicular to its length, allowing 
it to turn in a horizontal plane in a uniform 
magnetic field 5 x 107? tesla making an angle 
of 30° with the axis of the solenoid. The torque 
on the solenoid will be 

(а) 3x 10? N m (b 1.5 x 10° N m 

(c) 1.5 x 10? N m (d) 3 x 10°? N m 


21. A closely wound solenoid of 750 turns and 
area of cross section 5 x 1074 m? carries a current 
of 3.0 A. Its associated magnetic moment is 
(a) 4.12 J T! (b) 3.12J T! 

(c) 2.12 J T! (d) 1.13 J T 


22. A circular coil of 25 turns and radius of 
12 cm is placed in a uniform magnetic field of 
0.5 T normal to the plane of coil. If the current 
in the coil is 5 A, then total torque experienced 
by the coil is 

(a) 1.5 N m (b) 2.5 N m (c) 3.5 N m (d) zero 
23. The ratio of magnetic field and magnetic 
moment at the centre of a current carrying 
circular loop is x. When both the current and 
radius is doubled the ratio will be 


(c) = (d) 2evr 
о 


(a) = (b) = z 
8 4 (c) 2 (4) 2х 

24. At certain place, the horizontal component 

of earth’s magnetic field is 3.0 G and the angle 

dip at that place is 30°. The magnetic field of 

earth at that location 


(a) 45G (b51G (035G (4) 6.0G 


25. At a given place on earth's surface the 
horizontal component of earths magnetic field 
is 2 x 10° T and resultant magnetic field is 
4 x 105 T. The angle of dip at this place is 

(a) 30* (b) 60° (c) 90° (d) 45° 


26. The angles of dip at the poles and the equator 
respectively are 


(a) 30°, 60? (b) 0°, 90° (c) 45°, 90° (d) 90°, 0° 


27. Acurrent carrying loop is placed in a uniform 
magnetic field in four different orientations as 
shown in figure. Arrange them in the decreasing 
order of potential energy. 


(Econ e 
© © © © 


(a) 4,2,3,1 (b) 1,4,2,3 

(c) 4,3,2,1 (d) 1,2,3,4 

28. Ajet plane is travelling west at 450 metres 
per second. If the horizontal component of earths 
magnetic field is 4 x 10~ Tesla and angle of dip 
is 30°, then the vertical component is 

(a) 3x 10* T (b) 4x10^T 

(c) 2.3x10*T (d) 12.308 x 10^ T 


29. The earth's field departs from its dipole 
shape substantially at large distance (greater 
than about 3000 km). The responsible factor for 
this distortion is 

(a) motion of ions in earth's ionosphere 

(b) motion of ions in earth's atmosphere 

(c) motion of ions in earth's lithosphere 

(d) motion of ions in the space. 

es of force are drawn by 


netic lin 
заве cal, then number of neutral 


keeping magnet verti 
oints will be 

(a) One (b) Two (c) Three (4) Four 

31. Intensity of magnetic field due to Earth at a 

point inside a hollow steel-box is É 

(a) Less than outside (b) Same as outside 


(c) More than outside (d) Zero 
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32. Acircular coil of 100 turns, 
carries a current of 5 A. It is suspen T 
in a uniform horizontal magnetic field ае 
and the field lines make an angle of 60° wl di 
plane of the coil. The magnitude of {нө es 
that must be applied on it to prevent it 


turning is 
(b) 3.43 Nm 


(a) 2.93 Nm 
(c) 3.93 Nm (d) 4.93 Nm 


33. Assume the dipole model for earth’s 


magnetic field B which is given by the vertical 
ho 2m cos8 


component of magnetic field, By = ax D 


radius 10 cm 
ded vertically 


By = 0. 
H 4n г 


measured from magnetic equator, then the loci 
of point for which dip angle is + 45°. 
(a) tan"! (3) (b) tan“(2) 
(c) tan7(0.5) (d) tan“(1) 


34. If you made a map of magnetic field lines at 

melbourne in Australia, then the magnetic field 

lines seem to be 

(a) go into the ground 

(b) come out of the ground 

(c) maintain a spiral path on the surface of 
earth 

(d) move on helical path above the surface of 
ground 

35. The horizontal and vertical components of 

earth's magnetic field at a place are 0.3 G and 

0.52 G. The earth's magnetic field and the angle 

of dip are 

(а) 0.3 Gand ё = 30° (b) 0.4 Gand ô = 40° 

(с) 0.5 Gandô=50° (d) 0.6 G and ô = 60° 


36. At two different places the angles of dip are 
respectively 30° and 45°. At these two places 
the ratio of horizontal component of earth’s 
magnetic field is 


(a) V3: V2 (b) 1:V2 (е) 1:2 (d) 1:48 


37. The magnetic lines of force relevant to 
horizontal component of Earth’s magnetic field 
will be 

` (a) Circular 
(c) Convergent 
(d) Horizontal and parallel 


38. A compass needle which is allowed to move 
in a horizontal plane is taken to a geomagnetic 
pole. It 


(b) Elliptical 
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ecome rigid showing no movemen, 


in any position 
th-south direction only 
t-west direction only 


(a) will b 
p) will stay! 
人 will stay in nor 
(d) will stay in eas ( 
39. A line passing through places having o 


ic dip is called 
е of magnetic "T 
осше line (b) Agonic line 


(c) Isogonic line (d) Aclinic line, 


i total magneti 
angle which the ic fiel 
р; ЖЕН makes with the surface of the earth ^ 


lled 
5 declination (b) magnetic Meridian 


(c) geographic meridian (d) inclination 
41. Which of the following is responsible for the 


earth’s magnetic field? 
(a) Convective currents in earth S core. 

(b) Diversive current in earth’s core. 

(c) Rotational motion of earth. 

(d) Translational motion of earth. 

42. If the horizontal component of the earth’, 


etic field is 0.30 G, and the dip angle is 60° 
ата place, then the value of earth’s total 


magnetic field is 
(a) 0.15 G (b) 0.15/3 G 


(с) 0.15/2G (d 0.60G 


43. Choose the correct figure showing the 
direction of lines of magnetic induction due to a 


bar magnet. 
^ N 
\ j / 
N, 
; if j ‘le 
44. Which of the following statements is not 
correct about the magnetic field? 
(a) The magnetic lines form a closed loop. 
(b) Inside the magnet, the magnetic lines g0 
from north to south pole of the magnet. 
(c) Vae Rd lines of force do not intersect each 
other. 


(d) Tangents to the magnetic lines of force give 
the direction of the magnetic field. 
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45, А сігсиаг coil of magnetic moment 0.355] T! 
resta with its plane normal to an external field 
of magnitude 5.0 x 1072 T. The coil is free to 
turn about an axis in its plane perpendicular 
to the field direction. When the coil is turned 
slightly and released, it oscillates about its 
stable equilibrium with a frequency of 2 Hz. 
The moment of inertia of the coil about its axis 
of rotation is / 

(a) 1.13 х 10? kg m^. (b) 1.13 x 10? kg m? 

(с) L18x10? kg m^ (d) 1.13 x 107 5 kg m? 


46. If Bg = 4х 1075 T and By = 2 x 10? T, then 
the Earth's total field at the place is (in T) 

(a) 6x 105 T (b) 245 x 10^T 

(с) 4x 105T (d) 3x10? T 


47. A magnetic dipole is under the influence 
of two magnetic fields. The angle between the 
field directions is 60? and one of the fields has a 
magnitude of 1.2 x 107 ? T. If the dipole comes to 
stable equilibrium at an angle of 30? with this 
field, then the magnitude of the field is 

(а) 1.2х10+Т (b) 2.4x10?T 

(с) 12x10?T (9) 2.4x10?T 


48. A vector needs three quantities for its 
specification. Which of the following independent 
quantities is not used to specify the earth’s 
magnetic field? 

(a) Magnetic declination (6). 

(b) Magnetic dip (5). 

(c) Horizontal component of earth’s field (Bj). 
(d) Vertical component of earth’s field (By). 


49. Adipcircle is at right angles to the magnetic 
meridian. The apparent dip will be 

(a) 0° (b) 30? (c) 60° (d) 90° 

50. The angle of dip at a certain place on earth 
is 60° and the magnitude of earth's horizontal 
component of magnetic field is 0.26 G. The 
magnetic field at the place on earth is 

(а) 0.13G (b) 0.26 G (с) 0.52G (d) 0.658 


51. If i, and hp denote magnetic momentum of 
electron and proton, then 

(a) ц, >> hp (b) he << Hp 

(c) he = Hp (d) He = lu, 

52. The angle which the total magnetic field 
of earth makes with the surface of the earth is 
called 

(a) declination 

(b) magnetic meridian 


(c) geographic meridian 

(di inclination 

53. Angle between magnetic meridian and 
geographical meridian is called 

(a) angle of dip 

(b) angle of declination 

(c) angle of depression 

(d) both (a) and (b) 


54. A dip needle in a plane perpendicular to 
magnetic meridian will remain 

(a) Vertical 

(b) Horizontal 

(c) In any direction 

(d) At an angle of dip to the horizontal 


55. If a magnet is suspended at angle 30° to the 
magnetic meridian, it makes an angle of 45° 
with the horizontal. The real dip is 


(a) tas 2) 


ө ө) Cs) 

2 (d) tan 43 
56. A magnetised thin rod of length L and 
magnetic moment M is bent in the form of a 
semicircle. Its new magnetic moment will be 
(a) M (b) 2М/л (c) Min (d) Mr 


57. The lines joining the places of the same 

horizontal intensity are known as 

(a) Isogonic lines (b) Agonic line 

(c) Isoclinic lines (d) Isodynamic lines. 

58. Ratio between total intensity of magnetic 

field at equator to poles is 

(a) 1:1 (b) 1:2 (с) 2:1 (d) 1:4 

59. A magnetic field of Earth can be modelled by 

that of a point dipole placed at the centre of the 

Earth. The dipole axis makes an angle of 11.3? 

with the axis of Earth. At Mumbai, declination 

is nearly zero. Then, 

(a) the declination varies between 11.3? W to 11.3°E. 

(b) the least declination is 0°, 

(c) the plane defined by dipole axis and Earth 
axis passes through Greenwich. 

(d) declination averaged over Earth must be 
always negative. 

60. Acurrent carrying loop placed in a magnetic 

field behaves like a 

(a) Magnetic dipole 

(c) Magnetic pole 


(b) tani /3 


(b) Magnetic substance 
(d) All are true : 
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2) Case Based MCQs ce as ET пч 


below and 


Case I : Read the passage ee ia 65: 


answer the following questions from 


Elements of the Earth's Magnetic Field Е 
The earth's magnetic field at a point on 18 ST 
is usually characterised by three quantities ) 
(a) declination (b) inclination or dip and (c 
horizontal component of the field. These are 


ts surface 


known as the elements of the earth's magnetic 
feld. At a place, angle between geograpbic 
meridian and magnetic meridian is defined as 
magnetic declination, whereas angle made by 
the earth's magnetic field with the horizontal in 


magnetic meridian is known as magnetic dip. 


61. In a certain place, the horizontal component 
of magnetic field is a times the vertical 
component. The angle of dip at this place is 
(a) zero (Ы) z/3 (с) 1/2 (d) л/6 


62. The angle between the true geographic 
north and the north shown by a compass needle 
is called as 

(a) inclination 

(b) magnetic declination 

(c) angle of meridian 

(d) magnetic pole. 


63. The angles of dip at the poles and the equator 
respectively are 

(a) 30°, 60? (b) 0°, 90° (c) 45°, 90? (d) 90°, 0° 
64. A compass needle which is allowed to move 
in a horizontal plane is taken to a geomagnetic 
pole. It 

(a) will become rigid showing no movement 
(b) will stay in any position 

(c) will stay in north-south direction only 

(d) will stay in east-west direction only. 


65. Select the correct statement from the following. 
(a) The magnetic dip is zero at the centre of the earth. 
(b) Magnetic dip decreases as we move away 

from the equator towards the magnetic pole. 
(c) Magnetic dip increases as we move away 

from the equator towards the magnetic pole, 
(d) Magnetic dip does not vary from place to place. 


: Read the passage given below 


following questions from 66 to 2) M 


Case ann 
answer the 
Torque on a Rectan 


tic Field 2 
aa a rectangular loop PQRS of sides ‘a’ апда, 


carrying current I is placed in uniform magnet, 
field B, such that area vector A makes an amy 
Ө with direction of magnetic field, then forces = 
the arms QR and SP of 
loop are equal, opposite and 
collinear, thereby perfectly 
cancel each other, whereas 
forces on the arms PQ and 
RS of loop are equal and 
opposite but not collinear, so 
they give rise to torque on 


the loop. 
Force on side PQ or RS of F 


loop is F = ЉВ sin 90° = Ib B 

and perpendicular distance 
between two non-collinear 

forces is r, =a sin 6 

So, torque on the loop, t= IAB sin Ө 
In vector form torque, 7 = MxB 
where M = NIA iscalled magnetic dipole moment 
of current loop and is directed in direction of area 
vector A i.e., normal to the plane of loop. 

2 


gular Loop Placed in Uniform 


66. A circular loop of area 1 cm^, carrying a 
current of 10 Ais placed in a magnetic field of 
0.1 T perpendicular to the plane of the loop. The 
torque on the loop due to the magnetic field is 
(a) zero (b) 10*Nm 

(с) 10?N m (d 1N m 


67. Relation between magnetic moment and 
angular velocity is 

(а) M = w (b) M « w? 

(c) Mx Jo (d) none of these 


68. A current loop in a magnetic field 

(a) can be in equilibrium in two orientations, 
both the equilibrium states are unstable 

(b) can be in equilibrium in two orientations, 
one stable while the other is unstable 

(c) experiences a torque whether the field is 
uniform or non uniform in all orientations 

(d) can be in equilibrium in one orientation. 
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69. The magnetic moment of a current I carryin 
circular coil of radius r and number of 5 ng 
varies ав 


(b) : (c) r (d) 7? 


1 
(a) т? 
70. Arectangular coil carrying current is placed 


in a non-uniform magnetic field. On that coil the 


total 
(a) force is non-zero 


(c) torque is zero 


(b) force is zero 
(d) none of these 


Case III : Read the passage given below and 
answer the following questions from 71 to 75. 


Earth’s Magnetic Field 

The magnetic field lines of the earth resemble 
that of a hypothetical magnetic dipole located 
at the centre of the earth. The axis of the dipole 
is presently tilted by approximately 11.3° with 
respect to the axis of rotation of the earth. 


The pole near the geographic North pole of the 
earth is called the North magnetic pole and the 
pole near the geographic South pole is called 
South magnetic pole. 


71. The strength of the earth’s magnetic field 
varies from place to place on the earth's surface, 
its value being of the order of 

(a) 105 T (b) 10 $T (с) 10? T (d) 105 T 


72. A bar magnet is placed North-South with 
its North-pole due North. The points of zero 
magnetic field will be in which direction from 
centre of magnet? 

(a) North-South (b) East-West 

(c) North-East and South-West 

(d) None of these. 


73. The value of angle of dip is zero at the 
magnetic equator because on it 

(a) V and H are equal 

(b) the values of V and H zero 

(c) the value of V is zero 

(d) the value of H is zero. 


74. The angle of dip at a certain place, where 
the horizontal and vertical components of the 


earth's magnetic field are equal, is 
(a) 30° (b) 90* fc) 60° (d) 45° 


75. At a place, angle of dip is 30°. If horizontal 
component of earth’s magnetic field is H, then 
the total intensity of magnetic field will be 


H 2H 
(c) B (d) 2H 
2 


2 43 

Case IV : Read the passage given below and 
answer the following questions from 76 to 80. 
Gauss's Law for Magnetism 
By analogy to Gauss’s law of electrostatics, 
we can write Gausss law of magnetism as 
тва =HoMinsige Where $B.as isthe magnetic 

ux and m... is the net pole strength inside th 
closed surface. es 
We do not have an isolated magnetic pole in 
nature. At least none has been found to exist till 
date. The smallest unit of the source of magnetic 
field is a magnetic dipole where the net magnetic 
pole is.zero. Hence, the net magnetic pole 
enclosed by any closed surface is always zero. 
Correspondingly, the flux of the magnetic field 
through any closed surface is zero. 


76. Consider the two idealised systems 

(i) a parallel plate capacitor with large plates 
and small separation and 

(ii) a long solenoid of length L »» R, radius of 
cross-section. 

In (i) E is ideally treated as a constant between 

plates and zero outside. In (ii) magnetic field is 

constant inside the solenoid and zero outside. 

These idealised assumptions, however, contradict 

fundamental laws as below 

(a) case (i) contradicts Gauss's law for electrostatic 
fields. 

(b) case (ii) contradicts Gauss's law for magnetic 
fields. 

(c) case (i) agrees with $£-di- 0. 


(d) case (ii) contradicts $H.dl zl: 


77. The net magnetic flux through any closed 
surface, kept in a magnetic field is 


4 
(a) zero (с) 4zug (9) ко 
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78. Aclosed aurface S enclose 
of magnetic moment 2ml. T 
emerging from tho surface 18 2m 
(с) 2mm (D о 

nsequence 


іс dipole 


et 
ga magn tic flux 


he magne 


(a) hom (b) zero 


79. Which of the following is not 2 СО 

of Gauss's law? ‘ 

(a) The magnetic poles always exi 
pairs of equal strength. 

(b) If several magnetic lines of fo 


2 Assertion & Reaso 


For question numbers 81-95, two statements are 
Select the correct answer to these ques 
(a) Both A and R are true and R is the correct 
(b) Both A and R are true but R is NOT the co 
(c) Ais true but R is false 

(d) Ais false and R is also false 


t a8 unlike 


rce enter in 


81. Assertion (A) : Magnetic moment of an 
atom is due to both, the orbital motion and spin 
motion of every electron. 

Reason (R) : A charged particle produces a 
magnetic field. 

82. Assertion (A) : The earth's magnetic field 
is due to iron present in its core. 

Reason (R) : At a low temperature magnet 
losses its magnetic property or magnetism. 


83. Assertion (A) : The ends of a magnet 
suspended freely point out always along north 
south. 


Reason (R) : Earth behaves as a huge magnet. 


84. Assertion (A) : A compass needle when 
placed on the magnetic north pole of the earth 
rotates in vertical direction. 

Reason (R) : The earth has only horizontal 
component of its magnetic field at the north poles. 


85. Assertion (A) : At neutral point, a compass 
needle point out in any arbitrary direction. 
Reason (R) : Magnetic field of earth is balanced 
by field due to magnets at the neutral points. 
86. Assertion (A) : Magnetic moment is 
measured in joule/tesla or amp m2. 

Reason (R) : Joule/tesla is equivalent to amp m?, 
87. Assertion (A) : Earth' 


does not affect the working 
galvanometer. 


8 magnetic field 
ofa moving coil 


given-one lab 
tions from the codes (a), (0), 


explanation of A 
yrect explanation ofA 
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rface, then an equal num 

| wr. must leave that surface, 
Jines re abundant sources or sinkg 

тА field inside a closed surface 
d magnetic poles do not exist, 


ce integral of a magnetic field Over 


a clo ber of 


of the 


rtional to mass enclosed 
tional to charge enclosed 


magnetic flux through that Surface 


ning Based MC. — — — 16 


elled Assertion (A) and the other labelled Reason " 
(д and (d) as given below. 


Reason (R) : The earth’s magnetic field is quit, 
weak as compared to magnetic field produced in 
the moving coil galvanometer. 


88. Assertion (A) : Aclinic lines on the magnetic 
map represents lines of equal dip. 

Reason (R) : When the horizontal and vertical 
components of the earth's magnetic field are 
equal, the angle of dip is 60°. 

89. Assertion (A) : The true geographic north 
direction is found by using a compass needle, 


Reason (R) : The magnetic meridian of the 
earth is along the axis of rotation of the earth. 


90. Assertion (A) : There is only one neutral 
points on a horizontal board when a magnet is 
held vertically on the board. 

Reason (R) : At the neutral point the net 
magnetic field due to the magnet and magnetic 
field of the earth is zero. 


91. Assertion (A) : When radius of a circular 


loop carrying current is doubled, its magnetic 
moment becomes four times. 


Reason (В): Magnetic moment depends оп 
area of the loop. 

92. Assertion (A) : A planar circular loop of 
area A and carrying current J is equivalent to 
magnetic dipole of dipole moment M = IA. 
Reason (В): At large distances, magnetic field 
of circular loop and magnetic dipole is same. 
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93. Assertion (A) : The magnetic poles of earth 
do not coincide with the geographic poles, 
Reason (R) : The discrepancy between the 
orientation of a compass and true north-south 
direction is known as magnetic declination, 


94, Assertion (A) : The magnetic field lines 
of the earth resemble that of a magnetic dipole 


89 


located at the centre of the earth, 

Reason (R) : The axis of the dipole coincide with 
the ахія of rotation of the earth, 

95. Assertion (А) : Gauss's law of magneti 

23. 4 Н Agnetis 
is different frorn that for electrostatics. i 


Reason (R) : Isolated magnetic poles are not 
known to exist, 


ANSWERS Y 


1. (b) 

2. (а) : Since a bar magnet and a corresponding solenoid 
produce similar magnetic fields. Hence the magnetic moment 
of a bar magnet is equal to the magnetic moment of an 
equivalent solenoid that produces the same magnetic field, 


3. (d): The magnetic moment of electron is M = xl 
mo 


where / = angular momentum = 2. “Men 
4. (с): Неге, № = 900 turns, A = 2 х 10-4 m2, 
m, =0.6A m? 
The magnetic moment of solenoid 
m,- NIA 
The current flowing through the solenoid is 

ED м» A nn 
! = NA 900x2x10* = 
5. (d):The strength of the earth's magnetic field is not 
constant. It varies from one place to other place on the 
surface of earth. Its value being of the order of 107? T. 
6. (а): Here, Bg = 0.4 G = 0.4 х 10^T 
г= 6.4 х 105m 
As Bge Ho 

4n r? 
= Ber? 

Hy / 4n 

4 6\3 
04x10 MD y = 1,05 х 103 A m 
(а): Here, He = 0.25 G and ё = 60° 
He 


m 


8. (a): Here, radius, r= 10 cm = 10 x 107 т 
Number of turns, N = 100 
Current, /=1A 
Area of the coil, A= zr? 
Magnetic moment of the coil, М = МА = Мт? 
= 100 x 1 x 3.142 x (10 х 107? A m? = 3.142 A m 


9. (b) 


10. (b): When a current loop is placed in a magnetic field 
it experiences a torque. It is given by 7= M x B 

where M is the magnetic moment of the loop and B 
the magnetic field. 

or t = MB sin Ө where Ө is angle between M and B 
When M and В are parallel (іе. Ө = 0°) the equilibrium 
is stable and when they are antiparallel (i.e. Ө = m) the 
equilibrium is unstable. 


11. (a): Magnetic moment, M = IA = Кл?) = S x n? 


T 
2n qor? 
As 三 -一 | = 一 一 一 一 = 
отт M 2 or Meo 


12. (с) : Неге, B202i T; 1S 15А; №= 12; 


= 0.041 m? 
Magnetic moment of the coil 

M = МА = (12)(15 A(-0.041 m?) = -7.27 A m? 
The potential energy of the coil in the given orientation is 

= -Й.8=-(-721 A m?) (0.2î T)= 41441 

13. (d): The magnetic field lines due to a bar magnet are 
closed continuous curves directed from N to S outside the 
magnet and directed from S to N inside the magnet. Hence 
option (d) is correct. 


eL... neh 


Л 
14. : Amt = 一 ;… B——— of pen 
Meta hee Amm 9 В 


Clearly p. versus n graph will be a straight line. 


orbit is M = 一 一 
4mm 
Angular momentum of the electron in the 1* orbit is 


t= (ii) 


2л 
:vide (1 - M eh 2x e 
Divide (i) by (ii), we get, 7 Sa RTI pos 
16. (a): An orbiting electron behaves as a current loop. 
The current due to motion of electron ís 
= [4 oe e Кя „ЖУ. 
1=Т оту) лғ 


90 
Area of the loop, А = nP 


-. Magnetic moment = 


17. (d): Let r be the radius of the circular loop. 


n o A-mÜo r= 4 


т 
Magnetic field at the centre of the loop is 


The magnetic moment of the loop is 
A,_2BAVA 
一 4= 
к рух 


18. (a): As Britain is located close to North pole hence dip 
angle in Britain is greater and its approximate value is §=70°. 
19. (b): Here, N= 100 
r=10cm= 10x 102 т = 0.1 m, [2 32A 
Magnetic moment of the coil, 
M = МА = 100 x 3.2 хлг 
= 100 x 3.2 x 3.14 x (0.1? = 10 A m? 


20. (c) : Magnetic moment of the loop 
M = МА = 2000 x 2 x 1.5 x 107* = 0.6 JT 
1 


Torque т = MBsin30° -0.6x 5x107 x A 
1.5 х 102 N m 

21. (d): Неге, л = 750 tums, A = 5x 10^ т, /= ЗА 

Then, magnetic moment 

m= ПА = 750 x 3x 5 x 107 = 11250 x 107 

= 1.125 J T^! along the axis of solenoid, 

22. (d): Here, п = 25 turns, r= 12 ст, B=0.5T 

Since the coil is placed in uniform magnetic field normal to 

the plane of the coil. 

Hence the angle between magnetic moment and magnetic 

field direction is zero (i.e. 0 = 0°) 

т = mBsing = тВ5іп0° = т= 0 

23. (a): Magnetic field at the centre of a circular loop of 

radius А carrying current / is 


Ho $ 
z =x [Given] 
When both, the current and radius, are doubled, the ratio 


becomes es Ho (25) 
М' 2nQRy 8\2лд?%) 8 
24. (c) : Given B, = B cos 0 = 3 G, 0 = 30° 
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25. (b): Since Bj- B cosó 


pa 4x 1057 By= 2x 105T 


Since angle of dip at a place is defined as the angle 

the direction of total intensity of earth's Magnetic 

field B makes with a horizontal line in magnetic meridian 
and By=Bsind ~. sinô = 1 >= 90° 


At equator В = Byand By = Всозб 3 9058 2126209 


27. (b): Potential energy, U =-M -B --MB cos 

(1) U=- MBcos180° = MB 

(2) U=- MBcos90° = 0 

(3) U=- М8с050 

(4) U= + MBcos® 

28. (c) : Given, H= 4x 107^ T, б = 30° 

As V=Htand = 4x 107^ x tan 30° = 2.3 x 107^ T 
29. (a): Due to motion of ions in earth’s ionosphere, the 
earth’s magnetic field gets modified. 

30. (a): At neutral point, magnetic field due to magnet 
is equal and opposite to magnetic field due to Earth. One 
neutral point will be obtained when a magnet is held vertical, 
31. (d): Intensity of magnetic field inside a steel box is zero, 
No magnetic lines of force pass through the box. 

32. (c) : Here, N= 100, r= 10 cm = 0.10 m, /= 5А, 
В=0.51, 

Ө = 90° – 60° = 30° 

Area of the coil, A = л” = 3.14 х (0.1)? 

т = МВАѕіпӨ 

= 100x 5x 0.5 x 3.14 x (0.1)? x sin 30°= 3.931 N m 


Ho 2m cos8 


33. (b) :Here, By Bee 


26. (d): 
§, which is 


or Ө = tan" (2) is the loci of points, 


i (b) : As Melbourne is situated in southern hemisphere 
Where north pole of earth's magnetic field lies therefore 
magnetic lines of force seem to come out of the ground. 


35. (d): Here, B4,203G; By =0,52G 

The earths magnetic field 
коз 2 

B= Bi, +B} = (03) + 0.52) = 007702701 
= 0,3604 = 0,6 G 
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and angle of dip tan5 = By 


8 = tan (1.734) = 60° 
36. (a): Horizontal component, By = В,соѕ0 
By, = B,cos30° and By, = B,cos45° 


4 


37. (d): Horizontal component is a uniform magnetic field. It 
is represented by horizontal and parallel magnetic lines of force. 
38. (b): A compass needle which is allowed to move in 
a horizontal plane is taken to a geomagnetic pole. It will 
stay in any position as the horizontal component of earth's 
magnetic field becomes zero at the geomagnetic pole. 


39. (d): Aclinic line joins places of zero angle of dip. 

40. (d): The angle which the total magnetic field of the 
earth makes with the surface of the earth is called inclination 
or angle of dip. 

41. (a): The earth's core is hot and molten. Hence, convective 
current in earth's core is responsible for it's magnetic field. 


42. (d): By = 0.30 G, 8 = 60° 
Let earth's total magnetic field = R 


Then, Ficosó = By 


By _ 0300 fa, 


cos  cos60? 

43. (c) : Lines of magnetic induction B are continuous 
curves which run continuously through the bar and out 
side from south to north pole. Hence figure (c) is a correct 
representation. 

44. (b): The direction of magnetic line of force of a bar 
magnet from south to north pole inside the magnet and 
from north to south outside the magnet. 


45. (d): Неге, М = 0.355 JT 
В= 5.0 х 107Т 

0 = 2 Н 

As ual MB 


. MB  0355x5x10? 1775x107 
ат»? 4x(3,14)2x2? 157.75 


= 1.13 х 10-4 kg m? 


> | 


46. (b): Given : By = 4x 1057, B, 22x 105T 
The total earth’s magnetic field B at the given place is 


В= В} +в} 


= (V8? +22) «10° T = (20 x 5T - 245 x 10ST 


47. (с): Here, @ = 60, B, = 12x 10? T 

Ө; = 30° and Ө, = 60? — 30° = 30° 

in stable equilibrium, torques due to two fields must be 
balanced 5 


iet = т, B, 


=> MB, sin 8, = MB, sin; 


= 1.2 х 10727 


48. (d): Vertical component of earth's field (В,) is not used 
to specify the earth's magnetic field. 


49. (d): The apparent dip is 90° when a dip circle is at 
right angles to magnetic meridian. 
50. (c) : Horizontal component of the earth's magnetic field, 
By = 0.26 G 
Angle of dip, 5 = 60° 

cos = = where Bg is the magnetic field of the earth 

E 
B, _ 026G 026G 2G 


А B= = = =0.52 
E cos соз60° (1/2) 


51. (a): Since 
eh eh 


№ ==— and kp = 一 一 
2m, ? “in, 


then the ratio Bg e. 
Hy Mp 
as m,««m, 
$0 Hy<<Hy = р> >р 
52. (d): The angle which the total magnetic field of the 
earth makes with the surface of the earth is called inclination 


or angle of dip. 

53. (b): Angle between magnetic meridian and geographical 
meridian is known as angle of declination or magnetic 
declination. 

54, (a): In a plane perpendicular to magnetic meridian, a 
dip needle remains vertical. Angle of dip is 90°. 


55. (a) :tan 6 = i where Ө denotes real dip. 
H 


Let ф denote apparent аїр, 
a = Angle with magnetic meridian 


92 
B, B, 2B, 


e B,xcsa B, х00530° BX V3 


2 3 


A 
= tan 45° = — tan Ө => Ө = tan 
B 2 
56. (b): Circumference 
=2 дА, 
Semi-circumfrence = л R 
L=nR = R= £ 
л 
N L 
a 
L 


N S. 
New magnetic moment = m x 2R 
M2L 2M 


Ms Ln m ы 
57. (d): Isodynamic lines join places of same horizontal 
intensity of Earth’s magnetic field. 
58. (a): Total intensity of Earth's magnetic field does not 
change from place to place. It is same at equator as at poles. 
là 1 


Ratio = = =- 


Ig 1 


P 


59. (a): 


Since the axis of the magnetic dipole placed at the centre 
of earth makes an angle of 11.3? with the axis of earth, the 
two possibilities arise as shown in above figure. Hence, the 
declination varies between 11.3? W to 11.3? E. 

60. (а) : A current carrying loop, placed in a magnetic field 
behaves like a magnetic dipole. The magnetic field acts along 
the axis of the coil. 


61. (b): tang = Be and By - 5. 


^ tand= 3 Le, E 
62. (b): The angle between the true geographic north and 
the north shown by a compass needle is called as magnetic 
declination or simply declination. 

63. (d): Since angle of dip at a place is defined as the angle 
5, which is the direction of total intensity of earth’s magnetic 
field B makes with a horizontal line in magnetic meridian, 
At poles B = By and By = B sind .., sind = 1 => § = 90° 
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R 


At equator B= Byand By = B cos 


At poles, from equator 
. increases as We move q towards poles 


66 (a): Torque on a current carrying loop in magnetic lel 
т = [BA sin Ө В=01ТА= 1ст? = 104 m? ө _ y 


= 10А, 
С? 10 x 0.1 x 1075 sin0° = 0 


67. (а) : Magnetic moment, из IA = (л?) x x mR 


2r . = ff 
sosy ” eo 2 


loop is placed in a magnetic +. 
68. (b): When a current loop gnetic fa 
it experiences a torque. It is given by 

i-MxB 
where M is the magnetic moment of the loop and B : 


magnetic field. : 
» B ИВ sin 0 where 0 is angle between M and B 


When Af and B are parallel (ie. Ө = 0°) the equilibrium 
is stable and when they are antiparallel (i.e. Ө = n) the 
equilibrium is unstable. 

69. (d) : Magnetic moment, M= NIA = Мт? ie, 
Mer 

70. (a) 71. (с) 72. (b) 

73. (c) : At equator vertical component of magnetic fields 
is zero. 

74. (d): Given: V= H 


2 у LEM or = 45° 


H 


or Meo 


75. (b) 
76. (b): According to Gauss's law in magnetism $ B-d$-0, 
which implies that number of magnetic field lines entering 


the Gaussian surface is equal to the number of magnetic 
field lines leaving it. Therefore, case (ii) is not possible. 


77. (a): The net magnetic flux through a closed surface w 
be zero, 16,， $8 : $ =0, because there are no magnetic 
monopoles. 

78. (b) 

79. (c) : Gauss's law indicates that there аге no sources or 


sinks of the magnetic field inside a closed surface. In other 
words, there are no free magnetic charges. : 


80, (d): The surface integral of a magnetic field over a 
surface gives magnetic flux through that surface. 
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g1. (0: In an atom, electrons revolve around the nucleus 
4 as such the circular orbits of electrons may be considered 
mall current loops. In addition to orbital motion, an 
has got spin motion also. So the total magnetic 
moment of electron is the vector sum of its magnetic moments 
due to orbital and spin motion. 

): The temperature inside the earth is so high that it is 
ible for iron core to behave as a magnet and act as a 
magnetic field. The magnetic field of earth is considered 
o circulating electric current in the iron (in molten 

state) and other conducting materials inside the earth. 
) : Earth's magnetic field can be represented as the 
huge bar magnet. If the magnet is freely suspended 
le points towards geographic north pole (really a 

pole of earth). 


electron 


84. ( 


magnetic Г d 
is only free to rotate in horizontal plane. At north pole the 


vertical component of earth's field will exert torque on the 
magnetic needle so as to align it along its direction. As the 
compass needle can not rotate in vertical plane, it will rest 
horizontally, when placed on the magnetic north pole of the 
earth. 

85. (a): A neutral point in the magnetic field of a bar 
magnet is that point, where the field due to magnet is 
completely neutral sed by the horizontal component of earth's 
magnetic field. The net horizontal field is zero at such a point. 
If a compass needle is placed at such a point, it can stay in 


any position. 
joule _ W wW 


86. (a): Magnetic moment = 1с = B = р a 


Wav _ (met? ]laT][cr] 


F [mit] 
= [А2] = amp m? 
87. (a): The field magnet used in a moving coil galvanometer 
is very strong. The earth's magnetic field is quite weak 
as compared to the magnetic field produced by the field 
magnet. Practically the coil rotates under the effect of the 
strong magnetic field due to the field magnet and the weak 
magnetic field due to the earth does not affect the working 
of the moving coil galvanometer. 
88. (d): The angle of dip is the angle between the axis of 
the dip needle in the magnetic meridian and the horizontal 
direction. 
Vertical component of the earth's magnetic field 


tano 93 
Horizontal component of the earth's magnetic field 


= when, =By ,tanü- 12» 0 = 45° 
H 


Lines Joining points of zero dip are called Aclinic lines. Lines 
Joining points of equal dip are called isoclinic lines. 
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89. (d): From the Compass we are able to know the direction 


of the magnetic ро! 
gnetc poles. The north of coms i 
the magnetic south pole. TN en 
Сеориње 


== СУ {С == 


and magnetic 
geographic north- 


Imaginary lines drawn along the earth's surface in the 
direction of the horizontal component of the magnetic field 
of the earth at all points passing through the ncrth and south 
magnetic poles. This is similar to the longitudes of the earth 
which pass through the geographic north and south poles. 


90. (b): There will be only one neutral point on the henzontal 
board. This is because field of earth magnetic field is from 
south to north; and the field of pole on the board is tadially 
outwards. At any point towards south of magnetic pole, field 
of earth and field of pole will cancel out to give a neutral 
point. 
91. (a): Magnetic dipole moment of the current loop 
= Ampere turns x Area of the coil or М = Ning 
When radius of the coil becomes double, new magnetic 
moment will be M, = Nix(20 = 4Мт = 4M 
Hence magnetic moment becomes four times when radius 
is doubled. 
92. (a) : Magnetic field due to a circular loop carrying 
Pen 2n? 
current / is given as g = Ро. 
9 ап (P+ 1? 

where, г = radius of loop, x = distance from centre of loop 
g- Eo 2A _ Ho 2M 

4n 9 4л {5 
where M = /A = magnetic dipole moment of current loop 
which is equal to the magnetic field due to magnetic dipole. 
Thus, the current loop can be considered as a magnetic dipole. 


93. (a) 

94. (c) : The magnetic field lines of the earth resemble 
that of a hypothetical magnetic dipole located at the centre 
of the earth. The axis of the dipole does not coincíde with 
the axis of rotation of the earth but is presently tilted by 
approximately 11.3° with respect to the later. 

95. (а) : Gauss's law of magnetism is different from that 
for electrostatics because electric charges do not necessarily 
exist in pairs but magnetic monopoles do not exist. 


For large distances, (x > > 0. .. 


өөө 


El 'ectromagnetic Induction 


CHAPTER " 
| A 


à - When a north pole of a bar magnet is 
moved away from the coil, the current 


induced in the coil will be in clockwise 
direction as shown in the figure, 


cr | 
Current 
Motional emf : 


x" x 


SE x x # x 


» If the rod makes an angle Ө with the 
direction of the field, then induced emf is 


ZB) Recap Notes - 


; Ре _ d$ 
e Magnetic flux : The number of magnetic emf is given by e=- where nega? 
lines of force crossing a surface is known as 
magnetic flux linked with that surface. 

В.А е 
It is given by ф= B- A = ВА cos0 Е 
where В is the strength of magnetic field, 
A is the area of surface and Ө is the ang 
between normal to area and field direction. 
> When B is perpendicular to the surface 

i.e., 0 = 0°, 9 = NBA (maximum value). 


dt 
sign indicates the polarity of e, 


Lenz's law : This law gives us the dir 
of induced emf. According to this la 
polarity of induced emf in a circuit į 
that it opposes the change ih ma 
flux responsible for its production, 
law is in accordance with the princ 
conservation of energy. 


When a current carrying coil is moved 
towards a stationary coil, the direction lel = Blu sino 
of current induced in stationary coil is > Whena i 

; cond i 
коиш re ucting rod oflength/is rotated 


perpendicular to a uniform magnetic field 
B, then induced emf between the ends of 
— the rod is [e |= S£... Вол? 
+j 2 2 T 
[ 


sono) lel = Bu (nl?) = Вод 


ection 
w, the 
8 Such 
gnetie 
Lenz 
iple of 


SEE ат 


» 


> 


Ld 


» 


» 


» 
> 


When B is parallel to the ne іе., 
= 90°, ф = 0 (minimum value). 

Tn ok of a voll of area A having N turns 

Ф = NBA cos0 ў 

Magnetic Пих is a scalar quantity. It can 

be positive, negative or zero. : 

The dimensional formula of magnetic flux 

is [ML?T-2471]. B 

The SI unit of magnetic flux is weber. 

The CGS unit of magnetic flux is maxwell. 

1 weber = 10 maxwell 


Electromagnetic induction : It is the 
phenomenon of generating an emf by 
changing the number of magnetic lines of 
force (i.e., magnetic flux) associated with 
the circuit. The emf so generated is known 
as induced emf. If the circuit is closed the 
current which flows in it due to induced emf 
is known as induced current. 


Faraday's law of electromagnetic 
induction 


» 


> 


First law : Whenever the amount of 
magnetic flux linked with a circuit 
changes, an emf is induced in the circuit. 
This induced emf persists as long as the 
change in magnetic flux continues. 

Second law : The magnitude of the induced 
emf is equal to the time rate of change of 
magnetic flux. Mathematically, induced 


» Fleming’s right hand rule : Fleming, 


right hand rule also gives us the direction 
of induced emf or current, in a conductor 
moving in a magnetic field. According 
to this rule, if we stretch the fore finger, 
central finger and thumb of our right hand 
in mutually perpendicular directions such 
that fore finger points along the direction 
ofthe field and thumb із along the direction 
of motion of the conductor, then the central 
finger would give us the direction of 


induced current or emf. 
Motion of conductor 


» Applications of Lenz's law 


- When a north pole of a bar magn 
is moved towards a coil, the current 
induced in the coil wil be V 
anticlockwise direction as shown in the 
figure, 


When a current carrying coil is 
moved away from a stationary coil, 
the direction of current induced in 
stationary coil is as shown in figure. 


4— 
4 
stationary) 


When two coils A and B are arranged 
as shown in figure, then on pressing K, 
current in A increases in clockwise 
direction. Therefore,inducedcurrentinB 


will be in anticlockwise direction. 
A 


cd 


However, when key K is released, current in 
A decreases in clockwise direction. Therefore, 
induced current in B will be in clockwise direction. 


- When current in a straight conductor 
AB is increased, induced current in 
loop will be in clockwise direction as 
shown in the figure. If current in AB is 
decreasing, the induced current in the 
loop will be in anticlockwise direction. 


— 


x 
Mais w is angular x 
equency and v is frequen: 
of rod, a n2. ren 
When a conducting solid 
disc of radius r is rotating 
with a uniform angular 
velocity w with its plane 
perpendicular to a 
uniform magnetic field B, 
the emf induced between 
the centre and rim of disc is 


Bor? 
BE = = Вод 


х x 


— 


w 


Eddy currents : Eddy currents are 
basically the currents induced in the body 
of a conductor due to change in magnetic 
flux linked with the conductor. 


> 


> 


The direction of eddy currents is given by 

Lenz’s law, or Fleming’s right hand rule. 

According to Lenz’s law, eddy currents set 

up in a metallic conductor flow in such 

a direction so as to oppose the change in 

magnetic flux linked with it. 

Eddy currents cannot be eliminated but 

can be minimised by 

- laminating the core 

- by taking the metallic core in the form 
of thin laminated sheets attached 
together. 


Eddy currents are useful in 
_ Electromagnetic damping 
Induction furnace 
- Electric brakes 
- Speedometers . 
e Inductor : An inductor is а oo, ju 
storing energy in a magnetic M Чапса: 
inductor is generally called as ind n wate 
In usual practice a coil or solenoid н pi 
as inductor. It is denoted by symbo ned 
» Self induction : Whenever the curri E 
passing through a coil or circuit Саге а 
the magnetic Пих linked with it wi ga 
change. As a result of this, an emi i 
induced in the coil or the circuit W я 
opposes the change that causes it. T ү 
phenomenon is known a8 self induc 67 
and the emf induced is known ав se 
induced emf or back emf. . 
- When a current I flows through a coil 
and ф is the magnetic flux linked with 
the coil, then p= J or ф = LI where 
L is coefficient of self induction or self 
inductance of the coil. 


The self induced emf is є= 


The SI unit of L is henry (H) and its 
dimensional formula is [ML2T-2A77]. 
SelfinductanceofasolenoidisL s дул А 
where 1 is length of the solenoid, n is 
number of turns per unit length of a 
solenoid and A is area of cross section of 
the solenoid. 


Self inductance of a circular coil is 
Ls HoN? TR 

2 
where R is the radius of a coil and N is 
the number of turns. 

Mutual induction : Whenever the 

current passing through a coil or circuit 

changes, the magnetic flux linked with 

a neighbouring coil or circuit will also 

change. Hence an emf will be induced 

in the neighbouring coil or circuit. 

This phenomenon is known as mutual 

induction. The coil or circuit in which 

the current changes is known as primary 
while the other in which emf is set up is 
known as secondary. 

- Let Ip be the current flowing through 
primary coil at any instant. If bs is the 
flux linked with secondary coil then 
se< Ip or bg = MIp where M is coefficient 
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P 


of mutual inductance of the two Coil, 


f induced in the seco; 
- The em dl, ndary toj 


is given by 6; =- М 


_ The SI unit of M is henry (Н) аһа, 
оа] formula is [ MLT% 
> Coefficient of coupling ( К): Сота, 
of coupling of two coils is a measure t 
the coupling between the two coils ade 
given by 
M 


ne 


where L, and L, are coefficients of меб 
inductance of the two coils and M à 
coefficient of mutual inductance of the 
two coils. | 

The coefficient of mutual inductance об, 
long co-axial solenoids, each of length | 
area of cross section A, wound on air n 


is 
"m HoN, N,A 
1 


where Ni № are total number of turns of 

the two solenoid. 

Combination of inductances 

Е Twoinductors ofself-inductancesL, ang 
L,arekeptsofar apart that their mutual 
inductance is zero. These are connected 
in series. Then the equivalent 
inductance ів L=L, + Lg 
Two inductors of self-inductance L, 
and L, are connected in series and they 
have mutual inductance M. Then the 
equivalent inductance of the 
combination is L = L, +L, + 2M 
The plus sign occurs if windings in the 
two coils are in the same sense, while 
minus sign occurs if windings are in 
opposite sense. 
Two inductors of self-inductance L, 
and L, are connected in parallel. The 
inductors are so far apart that their 
mutual inductance is negligible. Thea 
their equivalent inductance is 


Mis lu bh 
LLL L*L, 
Energy stored in an inductor : When 


a current J flows through an inductor, the 


energy stored in it is given by y-lur 


> The energy stored in an inductor is in » 
form of magnetic energy. 


—_ rm OF magneticenergy. -一 


2 Multiple Choice Questions (MCQs) 


4. Whenever there is a relative motion between 
a coil and a magnet, the magnitude of induced 
emf set up in the coil does not depend upon the 
(a) relative speed between the coil and magnet 
(b) magnetic moment of the coil 

(c) resistance of the coil 

(d) number of turns in the coil. 


2. Ashort solenoid of radius a, number of turns 
per unit length n,, and length L is kept coaxially 
inside a very long solenoid of radius b, number 
of turns per unit length nj, What is the mutual 
inductance of the system? 

(a) нолЬ?л noL (b) ugna?nn4L? 

(с) uona?n,noL (d) ugnb?nn4L? 

3. Two identical circular coils A and B are 
kept on a horizontal tube side by side without 
touching each other. If the current in the coil A 
increases with time, in response, the coil B 

(a) is attracted by A (b) remains stationary 
(c) is repelled (d) rotates. 


4. The magnetic flux linked with a coil of N 
turns of area of cross section A held with its 
plane parallel to the field B is 


NAB NAB 


(a) 2 (b МАВ (е) ri (d) zero 


5. Which of the following does not use the 
application of eddy current? 

(a) Electric power meters. 

(b) Induction furnace. 

(c) LED lights. 

(d) Magnetic brakes in trains. 


6. A boy peddles a stationary bicycle the 
pedals of the bicycle are attached to a 200 turn 
coil of area 0.10 m2, The coil rotates at half 
a revolution per second and it is placed in a 
uniform magnetic field of 0.02 T perpendicular 
to the axis of rotation of the coil. The maximum 
voltage generated in the coil is 

(a) 126 V (b) 216 V (c) 3.24V (d) 4.12V 


7. Theselfinductance L of a solenoid of length / 
and area of cross-section A, with a fixed number 
of turns increases as 


(a) both / and A increase 


(b) l decreases and A increases 
(c) Lincreases and A decreases 
(d) both / and A decrease. 


8. Induction furnace make use of 
(a) self induction (b) mutual induction 
(c) eddy current (d) none of these. 


9. Theequivalent inductance between A and B is 


AH 


(a) 1H (b) 4H (co) 0.8H (d) 16H 


10. The mutual inductance Мү, of a coil 1 with 

respect to coil 2 

(a) increases when they are brought nearer 

(b) depends on the current passing through the 
coils 

(c) increases when one of them is rotated about 
an axis 

(d) both (a) and (b) are correct. 


11. A jet plane is travelling west at the speed of 
1600 km h-1. The voltage difference developed 
between the ends of the wing having a span of 
20 m, ifthe earth's magnetic field at the location has 
a magnitude of 5 x 10+ T and the dip angle is 30? is 
(a 41У (b22V (032V (d)38V 


12. A long solenoid with 10 turns per cm has a 
small loop of area 3 cm? placed inside, normal 
to the axis of the solenoid. If the current carried 
by the solenoid changes steadily from 2 A to 4 A 
in 0.2 s, what is the induced voltage in the loop, 
while the current is changing? 

(a) 42x10? V (b) 2.8 x 10° V 

(c) 7.3 х 108V (d) 3.8 x 10-9 V 


13. As shown in the figure, a metal rod makes 
contact with a partial circuit and completes the 
circuit. The circuit area is perpendicular to a 
magnetic field with B = 0.15 T. If the resistance 
of the total circuit is 3 Q, the force needed to 
move the rod as indicated with a constant speed 
of 2 m s^! will be equal to 


n x = 
Be0.1I5T {into page) | 
x x 


(a) 3.75 x 103 № 


(с) 6.57 x 104N N. 
14. А 2 m long metallic rod rotates with © 
angular frequency of 200 rad 871 about an = 
normal to the rod passing through its one 
The other end of the rod is in contact Lat 
circular metallic ring. À constant magnetic б 
0.5 Т parallel to the axis exists everywhere. + 
emf developed between the centre and the D 
(a) 100 V (b) 200V (с) 300V (d) 4 

15. Two coils, А and B are as shown in the figure. 
A current starts flowing in B as shown, whenA is 
moved toward B and stops when A stops moving. 
The current in A is counterclockwise. B is kept 


stationary when A moves. We can infer that 


О-О 


(a) there is a constant current in the clockwise 
direction of A 

(b) there is a no current in А 

(c) there is a varying current in А 

(d) there is a constant current in the counterclock- 
wise direction in A. 

16. The direction of induced current in the coils 

A and B in the situation shown in the figure is 

A PEL B 


(a) p tog in coil A and x to y in coil B 

(b) q top in coil A and x to y in coil B 

(c) p tog in coil A and y to x in coil B 

(d) q top in coil A and y to x in coil B. 

17. If N is the number of turns in a coil, the 
value of self-inductance varies as 

а) (ЫМ (c) N? (d) N? 
18. Two solenoids of equal number of turns have 
their lengths and the radii in the same ratio 1 ; 2. 
The ratio of their self inductances will be 

(а) 1:2 (02:1 (0) 1:1. (d)1:4 
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of turns per unit length ofa 


ber 
19. If the num ubled, the self-inductan,, of 


coil of solenoid is do 


id will 
n a unchanged (b) be halved 


) be doubled (d) become four times 
е А metal ring kept (supported by a card. 


the top of a fixed solenoid carry 
hoar) Fas shown in figure. The centre of the 
curre 


ring coinci e solenoid is switched off, then 


the current in th 
em 


(a) magnetic flux linked with the metal ring 


increases пут 
(Ь) current induced in the metal ring in clockwise 
direction | 
(с) metal ring will not remain on the cardboard 
(d) both (a) and (b) are correct. 
21. Acircular coil of radius 6 cm and 20 turns 
rotates about its vertical diameter with an 
angular speed of40radstina пайрем horizontal 
magnetic field of magnitude 2 х 107° T. If the coil 
form a closed loop of resistance 8 Q, then the 
average power loss due to joule heating is 
(a) 2.07 x 10 W (b) 1.23 x 10° W 
(c) 3.14 x 10° W (d) 1.80 x 10° W 


22. The direction of induced current in the right 
loop in the situation shown by the given figure is 
y 


Common axis 
ay Ppa Ix 
z 


(Tapping key just closed) 
(a) along the common axis 
(b) along xzy 
(c) along xyz 
(d) none of these, 


23. The coefficient of mutual inductance of two 
coils depends on 

(a) medium between the coils 

(b) distance between the two coils 

(c) orientation of the two coils 

(d) all of these. 


piectromagnetic Induction 


24. А disc of radius 0.1 m is rotating with a 
frequency 10 rev/sec in a normal magnetic field 
of strength 0.1 tesla. Net induced emf is 
(a) 21x 107 V (b) 41x 10? V 
(o nx 10? V (d) 32»107 V 


25. The total charge induced in a conducting loop 

when it is moved in magnetic field depend on 

(a) the rate of change of magnetic flux 

(b) initial magnetic flux only 

(c) the total change in magnetic flux and 
resistance 

(d) final magnetic flux only. 

26. A solenoid is connected to a battery so that 

a steady current flows through it. If an iron core 

is inserted into the solenoid, the current will 


(a) increase (b) decrease 


(c) remains same 
(d) first increase then decrease. 

27. The variation of induced emf (£) with time (2) 
in a coil if a short bar magnet is moved along its 
axis with a constant velocity is best represented as 


| | Saree 
E E 
(a) R f (b ) 
t t 
E Е 
(с) | S (d) $ 
t t 


28. If number of turns in primary and secondary 

coils is increased to two times each, the mutual 

inductance 

(a) becomes 4 times 
1 


(c) becomes T times 


29, An infinitely long cylinder is kept parallel 
to a uniform magnetic field B directed along 
Positive z axis. The direction of induced current 
on the surface of cylinder as seen from the z-axis 
will be 

(a) clockwise of the positive z-axis 

(b) anticlockwise of the positive z-axis 

(c) zero 


(d) along the magnetic field. 


(b) becomes 2 times 


(d) remains unchanged. 
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30. Tw» inductors of inductance L each are 
connected in series with opposite magnetic 
fluxes. The reanltant inductance 13 

(Ignore mutual inductance) 

(a) zero WL fe) ZL (d) 3L 


31. Acopper rod of length I rotates about its end 
with angular velocity « in a uniform magnetic 
field B. The emf developed between the ends 
of the rod if the field is normal to the plane of 
rotation is 


(a) Ba? — (bi 1 Bo (€) 2Bo (d) Í вы? 
А 1 


32. A loop. made of straight edges has six 
corners at А!0. 0, 9), BIL, О, 0), CIL. L, 0). 
D0, L, 0), EW. L, Li and F0, 0, L). A magnetic 


field 局 = B (ri - &) T is present in the region. 
The flux passing through the loop ABCDEFA 
in that order is 
(a) В,12 Wb (b) 2B, L? Wb 

(c) x2 B, P Wb (d) 4 By L? Wb 

33. Acurrent of 1 A through a coil of inductance 
of 200 mH is increasing at a rate of 0.5 A &^!. 
The energy stored in the inductor per second is 
(a) 0.5 Fs hb) 5.0 J s^) 0.1J sd) 20Js! 


34. A conducting circular loop is placed in a 
uniform magnetic field, B « 0.025 T with its 
plane perpendicular to the loop. The radius of 
the loop is made to shrink at a constant rate of 
1 mm s-L The induced emf when the radius is 
2 cm, is 


x 


(a) 21uV (b) xuV (с) E (d) 24V 


35. Two similar circular loops carry equal 
currents in the same direction. On moving the 
coils further apart, the electric current will 

(a) remain unaltered 

(b) increases in one and decreases in the second 
(c) increase in both 

(d) decrease in both. 

36. A small square loop of wire of side / is placed 
inside a large square loop of wire of side L (>> !). 
The loops are coplanar and their centres coincide. 
What is the mutual inductance of the system? 


(c) avg Ро! 


9 


100 


37. A conducting loop is placed in a и 
magnetic field with its plane perpenci" f 

the field. An emf is induced in the loop ! 

(a) it is rotated about its axis 

(b) itis rotated about a diameter 

(c) it is not moved "P 
(d) it is given translational motion 1n 


38. A circular disc of radius 0.2 m is pe ma 
uniform magnetic field of induction (ie m 


is such a way that its axis makes an angle of 60° 
with B. The magnetic flux linked with the disc is 
(a) 0.02 Wb (b) 0.06 Wb 
(c) 0.08 Wb (d) 0.01 Wb 


39. A circular copper disc 10 cm in diameter 
rotates at 1800 revolution per minute about an 
axis through its centre and at right angles to disc. 
A uniform field of induction B of 1 Wb m™ is 
perpendicular to disc. What potential Meu 
is developed between the axis of the disc an 


the rim? 
(a) 0.023 V (b) 0.23 V (с) 23У (d) 230 V 


40. When a wire loop is rotated in a magnetic 
field, the direction of induced emf changes in 
every 


the field. 


1 


(a) one revolution (b) 2 revolution 


(c) = revolution 
41. The energy stored in an inductor of self 
inductance L henry carrying a current of I 
ampere is 


(a) 211 (b) 11 (с) LP 


(d) 2 revolution 


(d) L?I 


42. Faraday’s laws are consequence of the 
conservation of 

(a) charge (b) energy 

(c) magnetic field (d) both (b) and (c). 


43. A solenoid of length 30 cm with 10 turns 
per centimetre and area of cross-section 40 cm? 
completely surrounds another co-axial solenoid 
of same length, area of cross-section 20 cm? with 
40 turns per centimetre. The mutual inductance 
of the system is 

(a) 10H (b) 8H (с) 3mH (d) 30mH 


44. Two identical coaxial coils P and Q carrying 
equal amount of current in the same direction 
are brought nearer. The current in 

(a) P increases while in Q decreases 

(b) Q increases while in P decreases 

(c) both P and Q increases 

(d) both P and Q decreases. 
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t has stored 

. An electromagne ed 64g 
жара an energy when a current of 9 д a Р 
in its coils. What average emf is induced lay 
сотай is reduced to zero іп 0.45 5? the 


(8) 320V (0) 620V (0) 260V (A) ay, 


e north pole of a bar magnet is 
mM a coil along the axis passing | а d 
the centre of the coil and perpendicular к n 
plane of the coil. The direction of the ind. Я 
current in the coil when viewed in the атон 
of the motion of the magnet is - on 
(a) clockwise . (b) anticlockwise 
(c) no current in the coil i 
(d) either clockwise or anti-clockwise. 


long solenoid S has n turns per 
4 мес a. At the centre of this e 
place a smaller coil of N turns and diameters 
(b « a). If the current in the solenoid increase, 
linearly with time, then the emf will be in duosi 
in the smaller coil. Which of the following is the 
correct graph showing lel verses ¢ if current 
varies as a function of mt? + С? 


etre, 
|, We 


0 1 


48. Acylindrical bar magnet is rotated about its 
axis as shown in figure. À wire is connected from 
the axis and is made to touch the cylindrical 
surface through a contact. Then 


Axis 
Bar magnet —» 


м__—— 
o 


(4 


5 


(а) a direct current flows іп the ammeter A 
(b) no current flows through the ammeter А 
(c) an alternating sinusoidal current flows 
through the ammeter A with a time period 
тое 
o T 
(d) a time varying non sinusoidal current flows 
through the ammeter A. 


Electromagnetic Induction 


49. The unit of inductance is equivalent to 


volt x ampere (b) __атреге - 
second 


volt x second 


volt volt x second 


(с) amperexsecond (d) ampere 1. 


50. When the rate of change of current is unity, 

the induced emf is equal to 

(a) thickness of coil 

(b) number of turns in coil 

(c) coefficient of self inductance 

(d) total flux linked with coil. 

51. In a uniform magnetic field B a wire in the 

form of a semicircle of radius r rotates about the 

diameter of the circle with angular frequency o. 

The axis of rotation is perpendicular to the field. 

If the total resistance of the circuit is R, the 

mean power generated per period of rotation is 
Bnr?o (Brr?o)? 

(а) “oR 3R 

(c) (Baro)? (Brrw?)? 

v 2R 8R 


52. The magnetic flux through a coil 
perpendicular to its plane and directed into 
paper is varying according to the relation 
$ = (222 + 4t + 6) mWb. The emf induced in the loop 
att=4sis 

(а) 0.12V (Ь) 24У (с) 0.02V (d) 12V 


53. A 100 mH coil carries a current of 1 A. 
Energy stored in its magnetic field is 
(a) 0.5J  (b)0.05J (с) 1J (d) 0.1J 


54. If the self inductance of 500 turns coil is 
125 mH, then the self inductance of the similar 
coil of 800 turns is 

(a) 48.8 mH (b) 200 mH 

(c) 290 mH (d) 320 mH 


55. Two circular coils can be arranged in any 
of three situations as shown in the figure. Their 


2 Case Based MCQs 


Case I : Read the passage given below and 
answer the following questions from 61 to 65. 
Eddy Currents and their Effects 

Currents can be induced not only in conducting 
coils, but also in conducting sheets or blocks. 
Current is induced in solid metallic masses when 
the magnetic flux threading through them changes. 
Such currents flow in the form of irregularly shaped 
loops throughout the body of the metal. These 


(a) 


(iii) 
(a) maximum in situation (i) 
(b) maximum in situation (ii) 
(c) maximum in situation (iii) 
(d) same in all situations. 


56. By a change of current from 5 
: g to10 
in 0.1 second, the self induced emf is 10 V The 


change in the energy of th : 
coil will be Ey of the magnetic field of a 


(a) 5J (b 6J (075J (d) 9J 

57. In an inductor of self-inductance L = 2 mH 
current changes with time according to relation, 
1= Феі 

At what time emf is zero? 

(a) 4s (b 3s (с) 2s (d) 1s 

58. The equivalent quantity of mass in electricity is 
(a) current (b) self inductance 

(c) potential (d) charge. 

59. Two coils of self-inductance 2 mH and 8 mH 
are placed so close together that the effective flux 
in one coil is completely linked with the other. The 
mutual inductance between these coils are 

(a) 16 mH (b) 10 mH (с) 6mH (d) 4mH 
60. A circular coil with a cross-sectional area of 
4 cm? has 10 turns. It is placed at the centre of a 
long solenoid that has 15 turns/cm and a cross- 
sectional area of 10 cm?, as shown in the figure. 


The axis of the coil coincides 

with the axis of the solenoid. ( [VAY 
What is their mutual Yon 
inductance? i ] 


(а) 7.54 uH (b) 8.54 uH 
(c) 9.54 pH (d) 10.54 uH 


currents look like eddies or whirlpools in water so 
they are known as eddy currents. Eddy currents 
have both undesirable effects and practically useful 
applications. For example it causes unnecessary 
heating and wastage of power in electric motors, 
dynamos and in the cores of transformers. 


61. The working of speedometers of trains is 


based on 
(a) wattless currents (b) eddy currents 
(c) alternating currents(d) pulsating currents. 


102 


62. Identify the wrong statement. — 

(a) Eddy currents are produced in & 
magnetic field. 

(b) Induction furnace uses edd 

roduce heat. 

(c) Eddy currents can be used to produce 
braking force in moving trains. reddy 

(d) Power metera work on the principle of ¢ 
currents. 


63. Which of the following is the best method to 
reduce eddy currents? ў ; 
(a) Laminating core. (b) Using thick wires. 
(c) By reducing hysteresis loss. 

(d) None of these. 


64. The direction of eddy currents is given by 
(a) Fleming's left hand rule 

(b) Biot-Savart law 

(c) Lenz's law 

(d) Ampere-circuita] law 

65. Eddy currents can be used to heat localised 
tissues of the human body. This branch of 
medical therapy is called 

(a) Hyperthermia (b) Diathermy 

(c) Inductothermy (d) none of these. 
Case II : Read the passage given below and 
answer the following questions from 66 to 70. 


Motional EMF from Lorentz Force 

The emf induced across the ends of a conductor 
due to its motion in a magnetic field is called 
motional emf. It is produced due to the magnetic 
Lorentz force acting on the free electrons of the 
conductor. For a circuit shown in figure, if a 
conductor of length І moves with velocity v in a 
magnetic field B perpendicular to both its length 
and the direction of the magnetic field, then 
all the induced parametres are possible in the 
circuit. 


teady 


y currents to 


66. Direction of current induced in a wire 
moving in a magnetic field is found using 

(a) Fleming's left hand rule 

(b) Fleming's right hand rule 

(c) Ampere's rule 

(d) Right hand clasp rule. 


67. A conducting rod of length / is moving in 
a transverse magnetic field of strength B with 
velocity v. The resistance of the rod ів R. The 
current in the rod is 
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Во y) Blo } 

R R 

0.1 m long conductor carrying n curr 

ia held perpendicular to n magnetic f nt 

The mechanical power require h 

ductor with a speed of 1 m 4-1 | to 
(b) 625 mw Ы 
(d) 12.6 mW 


generator creates 1.5 Vat} 
ated at 10 km/hr is 


(b) 2 volta 
(a) 1.5 volts 
(e) 0.5 volts (d) 1 volt 
70. The dimensional formula for emf е in MKS 


tem will be | 
"4 [(ML2T3471] (b) [ML?T-!A] 
(c) [MLA] (9) [IMLT?47] 
Case III : Read the passage given below ang 
answer the following questions from 71 to 15, 


оп of Induced Current 

pi law states that the direction of induce d 
current in a circuit is such that it opposes the change 
which produces it. Thus, if the magnetic flux linked 
with a closed circuit increases, the induced current 
flows in such a direction that a magnetic flux is 
created in the opposite direction of the original 
magnetic flux. If the magnetic flux linked with the 
closed circuit decreases, the induced current flows 
in such a direction so as to create a magnetic flux in 
the direction of the original flux. 


(c) zero — (q) Bayan 


68. A 
of 50 A 
of 1.25 mT. 
move the con 
(a) 62.5 mW 
(c) 6.25 mW 


69. A bicycle 


5 km 
The EMF gener a 


(Rest) (Rest) 
(Coil face behaves as North pole (Coil face behaves as South pole 
10 oppose the motion of magnet.) to oppose the motion of magnet.) 
71. Which of the following statements is correct? 
(a) The induced e.m.f is not in the direction 
opposing the change in magnetic flux so as 
to oppose the cause which produces it. 
(b) The relative motion between the coil and 
magnet produces change in magnetic flux. 
(c) Emf is induced only if the magnet is moved 
towards coil. 
(d) Emf is induced only if the coil is moved 
towards magnet, 


72. The polarity of induced emf is given by 
(a) Ampere's circuital law 

(b) Biot-Savart law 

(c) Lenz’s law 


(d) Fleming’s right hand rule. 
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№, Lanse Jaw ja n consequence of the Jaw of 
conservation of 


(a) charge 
(c) momentum 


(b) mass 
(d) energy. 


74. Near a circular loop of conducting wire aa 
shown in the figure, an electron moves along a 
straight line. The direction of the induced 
current if any in the loop is = 

(a) variable 

(b) clockwise 


(c) anticlockwise 7 


(d) zero. —— MÀ 77 


75. Two identical circular coils A and B are 
kept in a horizontal tube side by side without 
touching each other. If the current in the coil A 
increases with time, in response, the coil B 

(a) is attracted by A 

(b) remains stationary 

(c) is repelled 

(d) rotates. > 

Case IV : Read the passage given below and 
answer the following questions from 76 to 80. 
Mutual Inductance 

Mutual inductance is the phenomenon of 
inducing emf in a coil, due to a change of current 
in the neighbouring coil. The amount of mutual 
inductance that links one coil to another depends 
very much on the relative positioning of the two 
coils, their geometry and relative separation 
between them. 

Mutual inductance 

between the two coils 

increases p, times if 

the coils are wound 

over an iron core of 

relative permeability u,- 


76. Ashort solenoid of radius a, number of turns 
per unit length n,, and length L is kept coaxially 
inside a very long solenoid of radius b, number 
of turns per unit length ng. What is the mutual 
inductance of the system? 

(а) uonb?n naL (b) jtgna?n nol? 

(с) pona2n yng (d) нлтЬ?пул1% 

77. If a change in current of 0.01 A in one 
coil produces a change in magnetic flux of 
2 x 107? weber in another coil, then the mutual 
inductance between coils is 

(a) 0 (b 0.5H (02H @ ЗН 


78. Mutual inductance of two coils can be 
increased by 
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decreasing the number of turns in the coila 

increasing the number of turns in the coil 

winding the coils on worden cores pss 

nane of these 

When a sheet of iron ia 
two co-axial coils, the 
between the coils will 
(а) increase 


placed in between the 
n the mutual inductance 


fb) decrease 

(d; cannot be predicted. 
80. The SI unit of mutual inductance із 

(a) ohm tb) mho 

(e) henry (d) none of these, 
Case V : Read the passage given below and 
answer the following questions from $1 to 85, 
Self Inductance 

When a current [ flows through a coil, flux linked 
with it ia 9 = LI, where L is a constant known as 
self inductance of the cml. Any 

change in current sets up an 

induced emf in the coil. Thus, 

self inductance of a coil is the 

induced emf set up in it when the 

current passing through it 

changes at the unit rate. It is a measure of the 
opposition to the growth or the decay of current 
flowing through the coil Also, value of self 
inductance depends on the number of turns in 
the solenoid, its area of cross-section and the 
relative permeability of its core material. 


81. The inductance in a coil plays the same role as 
(a) inertia in mechanics 

(b) energy in mechanics 

(c) momentum in mechanics 

(d) force in mechanics. 


82. A current of 2.5 A flows through a coil of 
inductance 5 H. The magnetic flux linked with 
the coil is 

(a) 0.5 Wb (b) 12.5 Wb 

(c) zero (d) 2 Wb 


83. The inductance L of a solenoid depends upon 
its radius R as 

(a) L«R (b) Lœ UR 

(c) Le R? (d) „= RS 


84. The unit of self-inductance is 
(a) weber ampere (b) weber~! ampere 
(c) ohm second (d) farad 

85. The induced e.m.f. in a coil of 10 henry 
inductance in which current varies from 9 A to 
4 A in 0.2 second is 

(a) 200V (b)250V (с) 300V 


(e) remains same 


(d) 350 V 
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2 Assertion & Reasoning Base 


For question numbers 86-100, two statements are 
Select the correct answer to these questions from the C 
(a) Both A and R are true and R is the correct explana 
(b) Both A and R are true but R is NOT the correct exp 
(c) Ais true but R is false 

(d) Ais false and R is also false 


86. Assertion (A) : Magnetic flux can produce 
induced e.m.f. 

Reason (R) : Faraday does not established 
induced e.m.f. experimentally. 


87. Assertion (A) : Induced e.m.f. depends on 
number of turns and area of the coil. 

Reason (R) : Induced e.m.f. increases with 
increase in number of turns of coil. 


88. Assertion (A) : The direction of induced 
e.m.f. is always such as to oppose the change 
that causes it. 

Reason (R) : The direction of induced e.m.f. is 
given by Lenz's law. 

89. Assertion (A) : When number of turns in a 
coil doubled, coefficient of self inductance of the 
coil becomes four times. 

Reason (R) : Coefficient of self inductance is 
proportional to the square of number of turns. 


90. Assertion (A) : The coil in the resistance 
boxes are made by doubling the wire. 

Reason (R) : Thick wire is required in resistance 
box. 

91. Assertion (A) : The resistance of a coil for 
direct current is 5 ohms. An alternating current 
is sent through it. The resistance will remain 
same. 

Reason (R) : The resistance of a coil does not 
depend upon nature of current. 


92. Assertion (A) : Acceleration of a magnet 
falling through a copper ring decreases. 
Reason (R) : The induced current produced in 
а circuit always flow in such direction that it 
opposes the change or the cause that produced 
it. 

93. Assertion (A) : An artificial satellite with 
a metal surface is moving above the earth in 
a circular orbit, A current will be induced in 
satellite if the plane of the orbit is inclined to 
the plane of the equator. 


given 


odes 
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d MCQs —— 
„one labelled As 
(a), (b), (©) and 


tion of A 
anation of A 


sertion (A) and the other labelled Reason R 
(d) as given below. i 


n (В): The current will be induceg 


o ite i 
Reas he speed of satellite is more than 


only when t 
8 km/sec. 
94. Assertion (A) : Self-inductance is called the 
inertia of electricity. ] 

Веавоп (В): Self-inductance is the Phenomenon 
according to which an opposing induced emf 
is produced in a coil as a result of change jn 
current or magnetic flux linked with the coil, 
95. Assertion (A) : An aircraft flies along the 
meridian, the potential develops at the ends or 
its wings. . 

Reason (R) : Whenever there is change in the 
magnetic flux e.m.f. induces. 

96. Assertion (A) : When two coils are wound 
on each other, the mutual induction between the 
coils is maximum, 

Reason (R) : Mutual induction does not depend 
on the orientation of the coils. 

97. Assertion (A) : An induced current is 
developed when the number of magnetic lines 
of force associated with conductor is changed. 
Reason (R) : An induced current develop in a 
conductor moved in a direction parallel to the 
magnetic field. 

98. Assertion (A) : À copper sheet is placed in 
a magnetic field. If we pull it out of the field or 
push it into the field, we experience an opposing 
force. 

Reason (R) : According to Lenz's law, eddy 
current produced in sheet opposes the motion 
of the sheet. 

99. Assertion (A) : Changing magnetic flux can 
produce induced e.m.f. 

Reason (R) : Faraday established induced 
e.m.f, experimentally. 

100.Assertion (A) : Inductance coil are made of 
copper. 

Reason (R) : Induced current is more in wire 
having less resistance. 
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(c) : The magnitude of induced emf set up in the coil 
does not depend upon the resistance of the coil whereas 
induced current set up in the coil depend upon the resistance 
of the coil. 

2. (c): The mutual inductance of the system is 

M= pora? nn 

з. (©) 

4. (d: Magnetic flux linked with a coil 


ф = NBAcos® 
Since the magnetic field B is parallel to the area A, 


1е,, Ө = 90°. 
ф = 0 
5. (9 
6. (а): Here v = 0.5 Hz, N= 200, A = 0.1 m? 


and B = 0.02T 
Maximum voltage generated is go = NBA(21t») 


= 200 x 0.02 x 0.1 x (27 x 0.5) = 1.26 V 


7. (b): The self inductance L of a solenoid of length / and 
area of cross section A with fixed number of turns is 


f. 


The equivalent circuit diagram is as shown in the figure. 
4H 


Here, all the inductances are connected in parallel. 
Hence, the equivalent inductance between A and B is 
1 11 1 T4 


—=-4+-4+-4+-=-=1 = 
ig 4 444 рге" 


10. (a): The mutual inductance Mj; of coil 1 with respect 
to coil 2 increases when they are brought nearer. 

11. (b): Неге, v = 1600 km h^! = 1600x 5. = 444 ms! 
l=20m,B=5 x 10“T and ё = 30° 

Ase = Blv = Viv 

(where Vis the vertical component of earth’s field) 


= (B sin 8) м (у= В 
- V= В гд) 
= 5 х 104 sin 30° > 20 х 444 = 224 


12. (d): Here, М 1р, 
) 97 = 10 tums per cm = 1000 tums per m 


N N d 
=} |=А | — 
ют!) w(t ie 


=3 х 1074 x 4n 107 x 1000 x 102 38 x 10у 


13. (a): The emf induced in the rod causes a Current to 
flow anticlockwise direction in the circuit. Because af this 
Current in the rod, it experiences a-force to the left due to 
the magnetic field. In order to pull the rod to the right with 
Constant speed, this force must be balanced by the puller. 
The emf induced in the rod is 

le| = Biv = (0.15 Т)(0.5 m(2 ms!) = 0.15 V 

Current induced in the rod is 


R 3 — 

©. F= ilB sin90° = (0.05 A(0.5 т)(0.15 (1) 
= 3.75 х 103N 
14. (b): The emf developed between the centre and the 
ring is 

Vaz _0.5x2x200 
£- ;] о = 1 
15. (d): Coil A must be carrying a constant current in 
counter clockwise direction. Because of that, when A moves 
towards B, current induced in B is counterclockwise direction 
as per Lenz's law. The current in B would stop when A stops 
moving. 
16. (b): In coil A, south pole is developed at q and in coil B 
also south pole is developed at x. Therefore, induced current 
in coil A will be from q to p and induced current in the coil 


B will be from x to y. 


= 200V 


hoN 2A 
1 
18. (a): Self inductance of a solenoid, 


HoN 2A _ hoN тг? 

cede Se | 

where lis the length of the solenoid, N is the total number 
of turns of the solenoid and A is the area of cross-section 


of the solenoid. 


17. (c) : Self inductance = 


L 


х 2-06 

"od A27 

19. (d): Self inductance of a solenoid = Por Al 
where n is the number of turns per length. 

- Self inductance is directly proportional to п, Self 
inductance becomes 4 times when n is doubled. 

20. (b): When the current in the solenoid is switch off, 
magnetic flux linked with the solenoid and hence with metal 
ring decreases. Current induced in the metal ring is clockwise, 
ie. in the same direction as the solenoid current. So, they 
will attract each other. Therefore, the metal ring will remain 
on the cardboard. 
21. (a): Неге, r= 6 cm 
= 6 x 10-2 m, N= 20, w = 40 rad s"! 
B-2x1071R-80 

Maximum emf induced, e = NABw = MrP)Bw 

= 20x mx (6 x 10°)? x 2 х 10? x 40 = 0.18V 
Average value of emf induced over a full cycle £,, = 0 
Maximum value of current in the coil, 

E 0.18 

I пев "ОР 
Average power dissipated, 


ef  0.18x0.023 


Poke 


2 2 


22. (с): The induced current in the right loop will be along 
xyz. 


= 2.07 x 1073 Ww 


y 


Common axis 
x 


(Tapping key just dosed) 
23. (d) 
24. (c) : Induced emf = BAv 


= 0.1 x n(0.1)? x 10 = 0.1 х 0.01z x 10 
=n x 10° х 10 =n x 10? V 


25. (©); As q = fidt == fed = 


1 
月 
== fag 


2% 
Sao 
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arge Induced in the conducting loop q 
bie mo бе in magnetic flux and гема 
кА (b) ; The current will decrease. This is because oni 

iron core in the solenoid, the magnetic field incre 
an ua magnetic flux linked with the solenoid increases, Ag ^ 
pu law, the emf induced in the solenoid will Oppose thy 
increase, which can be ike : a t in current 
А olarity of emf will be opposite in the two 
27. vin e ser the coil and while the magnet 
he coil, Only in option (b) polarity is changing, 
Ho № №, А 
28. (а): M=— — 
. M becomes 4 times. 


2 : Si ic field is uniform, henc 

29. (c) : Since the magnetic | ， TM 
: did а in the magnetic flux linked with cylindrica 
wire and hence no current will be induced on the surface of 
cylindrical wire. | | 

30. (c) : When magnetic fluxes are in opposite direction 
=L *Lb-2M 

Ignoring M = 0 ^. 

The resultant inductance is L' = Ё + 1= 21. 


31. (b) 
32. (b): Here, B = Во ( 


Deng 


"setting 
dSes and 


while 
leaves t 


Area vector of ABCD = [2k 
Area vector of DEFA = 127 


- ^ ^ 
Total area vector, Д =L (i +k ) 


Total magnetic flux, ¢=B -À 


=B (+k) PK) = Bol? (1 + 1) = 2 Bgl? Wo 
33. (c) : The energy stored in the inductor is 


U adie? 
2 


The energy stored in the inductor per second is 


=(200 x 10? HJ(1AY0.5 A $7) 20.1) 71 2 0.157! 
34. (b): Here, 


Electromagnetic Induction 


Magnetic field, B = 0.025 T 
Radius of the loop, r= 2 т = 2 х 107 m 
Constant rate at which radius of the loop shrinks, 


dt =1x10-3 ms"! 


-— 


Mond flux linked with the loop is 
ф = BAcos0 = В(лг2)со50° = Brr? 
The magnitude of the induced emf is 
d di 
ме 187) B z 
20005 xn x 2x 2x 107? x 1 x 10? 
-fx106V=TRV 
35. (c) : Two circular loops carrying current in the same 
direction will attract each other. If they are now separated, 
induced currents will try to keep status quo, by increasing 
the current in both the coils, 


36. (a): Let the current / be flowing in the larger loop. 
«4———L———» 


i> 


E 


The larger loop is made up of four wires each of length L, the 
L 
field at the centre /.e., at a distance 2 from each wire, will be 


B=4x =. (sin 45° + sin 45°) 


Hence, M =% 


37. (b): An emf is induced only when magnetic flux linked 
with the loop changes. This is possible when the loop is 
rotated about a diameter. 


38. (a): Here, r= 0.2 m, B = Wom, Ө = 60° 
т 


-. Magnetic flux, 
ф = BA cos Ө = B(nr?) cos Ө 


1 
=> 0.2) cos60? = 0.02 Wb 


39. (b) :Неге, | 2 r2 5 сп 2 5 x 10? m, 


1 
@=2n Am Jod s'= 60rrads B= 1 Wb m? 


1 
ze 2 ! 
58 02 3x 6x10) x Gor =0.23y 


40. (b): The direction of 
half revolution of the loz on emf is reversed after every 


41. or The energy stored in an inductor is 
ELTE! 
1 и 
42. (b) 


= 
where A; is the area of inner Weed T i VER 
m = 10 cm = 1000 m^! 

M = 40 ст"! = 4000 m^! 

1= 30 ст = 30 x 10? m 

A, = 20 cm? = 20 x 1074 m2 


7 M= 4л x 107 x 1000 x 4000 x 20 x 104 1 
= 301.44 x 10? H 2 3 mH EUM 


44. (d) : When the coils P and Q are brought nearer, the 
magnetic flux linked with each coil will increase and so the 


induced current will try to decrease the flux and hence Current 
in both P and Q decreases. 


45. (а): Magnetic energy, U -3 


Induced emf, 


d -(16H(0-94A) 
dt 0.455 


id i (9) 
a 
= 


47. (c) : As per the data given in the question, magnetic 
field due to current in solenaid S, B = ponl 

Magnetic flux linked with the smaller coil due to this field is 
= NBA, where A = area of smaller coil = nb? 

-. emf induced in the smaller coil, 


£--L =320V 


TI 
at 
As current І varies as a function of (mÈ + C) 


di 
=-N nb? — (ролі) =-М е 


А = -Nap rb? E (mt? +0) 


= — Nmy, Ё (2mt) 
From (i), || e t 
So correct option is (c). 
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; jated 
48. (b): As there is no change in magnetic flux те 
with the circuit, no current is induced in the circuit. 
ammeter A shows no deflection. 
di 


И H =L 
49. (d):As € d 


2 
51. (b): o=8 T osat 
a =78xr7asinat 


B2r2r4ozsinzot 
4 


1 
(7 «siot >= 7! 


52. (c) : Given, ф = (2t? + 4t + 6) mWb 
dó 
As, £-—- 
E v 


-2o 4 4t +6) x10? Wb s^ 


= (4t + 4) x 10? V 
At f-4s 
£ = (4 x 4 + 4) x10? V = 20 x 102 V = 0.02 V 


53. (b): Here, L 2100 mH = 100 x 102 Н; 12 1А 
As U =U? =5 x (100x107) x P= 005) 


L Nj 
54. (d); As 一 = 一 了 
L Ni 
Here self inductance of 500 turns coil = 125 mH 


125 2 
-. L for the coil of 800 turns = {5007 x (800) 


55. (a) 
Al 

56. (9): lez Lo 
|eJAt 10х01 

Al (10-5) 
The magnetic field energies for currents / and J, аге 
U, =i? and U; -iui 
Change in energy = U, – U, 


-jul -311 =Ł(12-1)=%200-5)=75) 


m 3 
57. (с) :L=2 mH = 2 х 10? Н 


L= =0.2H 
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1= Pet 
A pee" QU ete C +2) 


22x103t e^! (-t +2) 


=0 when (- £ + 2)=Oort=2s, 


59. (d): Mutual inductance between coils is 


м =k al 


03H= 4 mH | 
Let us refer to the coil as circuit 1 and the solenoi 
as circuit 2. The field in the central region«of the solenoj 
uniform, so the flux through the coil is 

фу = ВА = (цоп А! 

where m = № = 1500 turns/m. 

The mutual inductance 15 


=4x1 
60. (a): 


[ 
= (n x 102TmA-D(1500 m~")(10) (4 x 10-4 m?) 


= 7.54 x 106 H = 7.54 mH 
61. (b) : The working of speedometers is based on eddy 
currents. 

62. (a) 

63. (a) : To reduce the eddy currents in the metal armature 
of motors, wire is wrapped around a number of thin metal 
sheets called lamination. 

64. (c) : Eddy currents also oppose the change in magnetic 
flux, so their direction is given by Lenz's law. 


65. (с) 
66. (b) : Direction of current induced in a wire moving in 
a magnetic field is found by using Fleming's right hand rule. 


67. (a): Induced e.m.f, € = Biv 


e BW 


i 1 = 一 = 一 一 
Current in the rod, RR 


68. (c) : Here, 1= 0.1 m va 1m s'' 

12 50А, В = 1.25 mT = 1.25 x 10? T 

The induced emf is, = = В/м 

The mechanical power is 

P = el = Вм = 1.25 x 103 x 0.1 x 1 x 50 
= 6.25 x 1073 W = 6.25 mW 


69. (d) : Emf induced, € = Biv 


Here, B, T апау are mutually perpendicular 
For given B and |, € œ v. 
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145V V, = 15 тг 915 ms 


Неге, £1 18 


71. (b): The relative motion between the coil and the 
magnet produces change in the magnetic flux in the coil. The 
induced emf is always іп such a direction that it opposes 
the change in the flux. 


72. (9 

73. (d) 

74. (a): When an electron is moving from right to left, the 
flux linked with loop (which is going into the page) will first 
increase and then decrease as the electron passes by. So 
the induced current J; in the loop will be first clockwise and 
will change direction (i.e. will become anticlockwise) as the 
electron passes by. 

75. (c) : When current in coil A increases with time, there 
will be a change of flux in coil B which will induce a current 
in B. Now, according to Lenz's law, the direction of induced 
current in B will be opposite to the direction of current in 
A. Thus, if two loops carry current in opposite direction they 
will repel each other. 

76. (c) : The mutual inductance of the system is 

M= pn nna? L 

77. (c) : Here, $5 = 2 x 107 Wb, 1= 0.01 A 

AS bg = MI 

2. Mutual inductance between two coils is 


_ дв 2x107Wb _ 
[ 0.01A «21 


78. (b) : Mutual inductance of coils, M = 0 МА 


1 
It is clear that mutual inductance of coils can be increased 
by increasing the number of turns in the coils. 


79, (a): We know that the mutual inductance depends 
(directly proportional) on the permeability of the medium 
surrounding the coils. When the permeability of the medium 
is increased by inserting a sheet of iron, then the mutual 
inductance between the coils also increases, 

80. (c) 


81, (а) ; The inductance іп а coil plays the same role as 
inertia in mechanics, 


82. (b): Неге, | 25A, = 5H 


°з =U=(5 42.5 A) = 


83. (с): Tre rc 


act, c 2 < 
where A s the ars 0 Юз д 


lere 5 е ата Of Cross-section of the so ; 
EGU and n s the number of а me зоелокі, I its 
As А= тЇ, where Aste radius а ; 
n 96 


85. (b) : Here L = 10 henry L29AL-4A 
and Af = 0.2 second Е 
Then induced emt 
ЧИМЕ: ИИ hh _210х4-9 

@ A 02 
86. (d): Em.t induces, when there s chance m magnetic 
flux. The magnitude of induced гт depends upon the 
Tete at which the magnetic flux changes. When magnetic 
flux is Steady cr constant no e m.f is induced. Faraday Gd 
experiment in which, there is relatve motion zemeen the 
coil and magnet, the flux linked with the сой changes 
ет. induces. i к 
87. (d) : According to Faraday's law, the induced emd (E) 
is given by E= xd ВА) dE 

Е d d 
Thus the induced e.m.f. depends on the rate cf change of 


magnetic flux, number of turns of coil and area of the coil 
If any of these factor increases (or decreases) then induced 
e.m.£ also increases (or decreases). 

88. (b): According to Lenz's law when magnet is moved 
towards the coil, the direction of the induced current is such 
that the coil repels magnet and when the magnet moves 
away from the coil, the coil attracts the magnet. 


89. (a): The coefficient of self inductance of the coil is given 
N?A 

by l= AS 1 

where N is number of turns, | is length of the coil and A is 

area of coil, so L œ №. 

90. (c) : The coil in the resistance boxes are made from 

double wire. Due to this current in two wires flows in opposite 

directions, i.e., magnetic flux linked with the each coil cancel 

each other. Thus, no e.m.f is induced in the resistance. 


91. (d): When an alternating current is sent through the coil 
then effective resistance of the coil will be VR? «(oL 


110 
А ive resistance 
while it was only A for direct current 66. effective res 


of coil will increases for A.C. 

92. (a): When the magnet falls, the magnet 
the copper ring increases and induced em is P 
the ring. The induced emf so produced, opposes t 
of falling magnet. Therefore, the acceleration of t 


magnet will be less than that due to gravity. 
ined plane with 


93. (c) : When the satellite move in incl te 
equatorial plane the value of magnetic field will change 0 
in magnitude and direction. Due 10 this, the magnetic flux 
through the satellite will change and hence induced currents 
will be produced in the metal of the satellite. But no current 
will induce if satellite orbits in the equatorial plane because 
the magnetic flux does not change through the metal of the 


satellite in this plane. 

94. (а): Self-inductance of a о 
of which the coil opposes any ch 
through it. It is because, the indu 
the change in current. For this reason, se 
inertia of electricity. 

95. (a): As the aircraft flies, magnetic flux chan 
its wings due to the vertical component of 
magnetic field. Due to this, induced emf is produced across 


netic flux through 
roduced in 
he motion 
he falling 


oil is its property by virtue 
ange in the current flowing 
ced emf produced opposes 
If induction is called 


ges through 
the earth's 


the wings of the aircraft. 
96. (c) : The manner in which the two coils are oriented, 
determines the coefficient of coupling between them ie., 


M 


Kei 
Lh 


P 
«e self inductance of two coils 

and Lz are se CONS, Whe 

hn M s hand on each other, the coefficient of cough 

vax and hence mutual inductance between the М 

1 \ 


is maxim d t develop in a cond 
i current dev con 
97. (а): ^ induce Uctor cang 


direction parallel to magnetic field, тр 
the conductor moved in a direction Bn h 
ld, amount of flux linked with the Men, le 

е. Thus the induced current develops Ы 

when conductor cuts the lines of magnetic force. The беи 
of flow of induced current can also be found by applying 
Fleming's right hand rule, when the direction of той 
де the magnetic field and the direction У 


conductor insi | ] 
magnetic field action on it are known. 


98. (a): When we pull a copper plate out of the Magnetic 
field or push it into the magnetic field, magnetic flux linked 
hanges. As a result of this eddy currents а 


with the plate с i ; 
produced in the plate which oppose its motion (according 


to Lenz's law). 
99. (b): E.m.. in 
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duces, when there is change in magnetic 
flux. The magnitude of induced e.m.f. depends upon the 
rate at which the magnetic flux changes. When magnetic 
flux is steady or constant no e.m.f. is induced. Faraday did 
experiment in which, there is relative motion between the 
coil and magnet, the flux linked with the coil changes and 


e.m.f. induces. 
100.(a) : The inductance coils made of copper will have vay 


small ohmic resistance. Due to change in magnetic flux a large 
induced current will be produced in such an inductance, which 
will offer appreciable opposition to the flow of current. Í 


өөө 


Alternating current : It is that current 
which changes continuously in magnitude 
and periodically in direction. It can be 
represented by a sine curve or a cosine curve 
I-ljsinot ог I= Ig cos wt 

Here, Ip is peak value of current and is known 
as amplitude of ac, 7 is instantaneous value 
of alternating current. о = 21/T = 21v where 
T is period of ac and v is frequency of ac. 


Mean or average value of alternating 
current or voltage over one complete 
cycle : The mean or average value of 
alternating current or voltage over one 
complete cycle is zero. 


T 
Jio sinet at 


T 
[Vo sinet at 


T =0 

ја 

0 
Mean value or average value of 
alternating current over any half cycle: 
It is that value of steady current, which 
would send the same amount of charge 
through a circuit in the time of half cycle 


ie, Т/2 аз is sent by ас through the same 
circuit in the same time. 


21, 
Tay = 0. =0.637 Ip 
n 


Similarly, for alternating voltaze 


Root mean square (rms) value of 
alternating current : It is defined as 
that value of steady current, which would 
generate the same amount of heat ina given 
resistance in a given time, as is done by the 
alternating current, when passed through 
the same resistance for the same time. The 
rms value of ac is also known as effective 
value or virtual value of ac. It is represented 
by Т Lg or L- 
Tims OF 1, -2= 


Similarly, for alternating voltage 


AC circuit containing pure resistance 


only : 


Let V = V, singt 

V у. 
Then, 1=—=— sin wt = 1, sinat 

R R 
Here the alternating voltage is in phase with 
current, when ac flows through a resistor. 
The instantaneous value of alternating 
current and alternating voltage in the circuit 
containing R, follow that both are in same 


phase as shown in figure. 


AC circuit containing pure inductor 


only : 
L 


Let V = V, sinot 


Thus, the alternating current lags behind 
the alternating voltage by a phase angle of 
= when ac flows through an inductor as 
shown in figure. 


> Inductive reactance: It is the opposition 
offered by the inductor to the flow of 
alternating current through it. 
Xj; = oL = 2nvL 
The inductive reactance is zero for dc 
(v = 0) and has a finite value for ac. 


AC circuit containing pure capacitor 


nly : 
only B 


Let У = V, sinwt 


x 
- i t+ 
I (о z) 


where I, = (wC)Vo. 

Thus, the alternating current leads the 
voltage by a phase angle of X when ac flows 
through a capacitor. 2 
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» Capacitive reactance =: It is 
opposition offered by the capacitor to the 
flow of alternating current through it the 


The capacitive reactance is infinite for a 
(o = 0) and has a finite value for ac. c 


AC through LCR-series circuit : 


Then, I = Io sin (wt - 9) 
Vo 


where Ig = z 


Here Z is the impedance of the series LCR 


circuit. 
7, 
(X, - X9 
R 


_ dp ` 2 dg? mE 
z- [n +(X, -Xc) Jr С ij 


» The alternating current lags behind the 
voltage by a phase angle ф 
Xy - Xc 
R 
- When X, > Хо, tan 9 is positive. 
Therefore, ф is positive. Hence current 
lags behind the voltage by a phase 
angle $. The ac circuit is inductance 
dominated circuit. 
When X, < Хо, tan ф is negative. 
Therefore, ф is negative. Hence current 
leads the voltage by a phase angle 6. 
The ac circuit is capacitance dominated 
circuit. 
Resonant series LCR circuit : When the 
frequency of ac supply is such that the 


tano= 


Alema 


— = ч nA 


ting Current | 
. ductive reactance and capacitive reactance 
in e equal (Хү = Xo) the impedance of 
DP tes LCR circuit is equal to the ohmic 
the Sante in the circuit. As such, the current 
parit circuit becomes maximum. Such a 
CR circuit is known as resonant 

ies LCR circuit and the frequency of the 
eo apply is known as resonant frequency 
m x The resonant frequency is 

r 


1 1 
v, = ЛЄ " о, = VLC 
The series resonance circuit is known as 
E acceptor circuit. It is used in radio and 
TV receivers sets for tuning a particular 
radio station/TV channel. A 
Resonance phenomenon is exhibited by a 
circuit only if both L and C are present 
in the circuit. Then only voltages across L 
and C cancel each other. We cannot have 
resonance in a RL or RC circuit. 
Quality factor : It is a measure of 
sharpness of resonance. It is defined as the 
ratioofreactance oft eithertheinductanceor 
ance at the resonant angular 


capacit r 
frequency to the total resistance of the 


Quality factor is also expressed in terms 
of bandwidth. 
Resonant frequency 

Bandwidth 


Power in an ac circuit : In an ac circuit 

we may define three types of power. 

> Instantaneous power : The power in the 
ac circuit at any instant of time is known 
as instantaneous power. It is equal to the 
product of values of alternating voltage and 
alternating current at that time. 
Average power (Р) : The power 
averaged over one full cycle of ac is known 
as average power. It is also known as true 
power or average power. 


Q= 


Pr =V у” 


Неге, Ё is resistance and Z is impedance. 
» Apparent power: The product of virtual 
voltage (V_,,,) and virtual current Uj in 
the circuit is known as virtual power or 
apparent power. 
z У, 
P, m Vus Les m 728 
LC-Oscillations : When a charged 
capacitor is allowed to discharge through a 
non-resistive inductor, electrical oscillations 
of constant amplitude and frequency are 
produced, these oscillations are called LC- 
oscillations. 


Transformer : It is a device used for 

converting a low alternating voltage to a 

high alternating voltage and vice versa. It ís 

based on phenomenon of mutual induction. 

For ideal transformer, LEES aul ies 

Vp di Ny 

where £ is called transformation ratio. 

> Forastep-uptransformer,£ > l-ie, V; » Ур. 
15 «Ip and Ns > Np. 

> For a step-down transformer, k < 1, ie, 
Vs < Vp, 15 > Ip and № < Np. 

» Efficiency of a transformer, 

_ output power — VI, 

n inputpower Уу; 

AC Generator : A generator produces 

electrical energy from mechanical work, 

just the opposite of what a motor does. 

» An AC generator is based on the 
phenomena of electromagnetic induction, 
which states that whenever magnetic flux 
linked with a conductor (or coil} changes, 
an emf is induced in the coil. 

Here є is the emf induced in the coil, then 
Е = NBAo sin ex or € = Е sin ex 

where €) = NBAw is the maximum or peak 
value of induced emf. 

The instantaneous emf £ produced in coil 
varies sinusoidally with time and hence is 
also known as alternating emf. 

where, N = number of turns in the coil, 
B = strength of magnetic field, A = Area 
of each turns of the coil and œ = angular 
velocity of rotation. 


= Multiple Choice Questions (МСО) = T IM 


1. A light bulb is rated at 100 W for a 220 V 
ac supply. The resistance of the bulb is 

(a) 284 0 (b) 3842 

(c) 4840 (d) 584 Q 

2. In an ac circuit, V and J are given by 

V = 150811150) volt and I = 150sin (3) 


ampere. The apparent power ín the circuit is 
(a) 106 W (b) 150 W 

(с) 11250 W (d) zero 

3. In the case of an inductor 

(a) voltage lags the current by 2 


(b) voltage leads the current by 
(c) voltage leads the current by 


(d) voltage leads the current by Y 


4. An inductor of 30 mH is connected to a 
220 V, 100 Hz ac source. The inductive reactance 18 
(a) 10.58 0 (b) 12.64 Q 

(c) 18.85 Q (d) 22.67 0 

5. А fully charged capacitor С with initial 
charge Q, is connected to a coil of self inductance 
Latt = 0. The time at which the energy is stored 
equally between the electric and the magnetic 
field is 


(a) 4 VLC (b) 2nVLC 
(c) ЛС (d) xyVLC 


6. AnLCR series circuit is under resonance. If 
I,, is current amplitude, V_, is voltage amplitude, 
R is the resistance, Z is the impedance, X, is the 
inductive reactance and X, is the capacitive 
reactance, then 
2 

(а) Im 75 

LN 

Xc 

7. The phase relationship between current 
and voltage in a pure resistive circuit is best 
represented by 


(с) 


8. Atresonant frequency the current amplitude 
in series LCR circuit is 

(a) maximum (b) minimum 

(c) zero (d) infinity. 

9. А 0.2 КО resistor and 15 pF capacitor are 
connected in series to a 220 V, 50 Hz ac source. 
The impedance of the circuit is 

(a) 250 Q (b) 268 Q 

(c) 29.15 Q (d) 291.5 Q 

10. A sinusoidal voltage of peak value 
293 V and frequency 50 Hz is applied to a serie 
LCR circuit in which R = 6 Q, L = 25 mH ani 
С = 150 pF. The impedance of the circuit is 
(a) 1.00 (b) 8.9 Q 

(c) 990 (d) 10.02 


Afternating Current 
h S is closed at t = 0. After sufficiently 


ttc n iron rod is inserted into the 


a 


(a) glows more brightly 


dimmer 
a s with the same brightness 
c 


d) gets momentarily dimmer and then glows 
à more brightly. 

In a series LCR circuit having L - 30 mH, 
is. 8 Q and the resonant frequency is 50 Hz. 
e quality factor of the circuit is 
(a) 0.118 (b) 11.8 
(с) 118 (d) 1.18 
13. Alternating voltage (V) is represented by the 


uation j 
i) Vit) = Ул e% (b) Vit) = Vm sinot 


(c) V) = V5 cotwt (d) Vit) = V tanot 
where V,, is the peak voltage. 


14. Which of the following graphs represents the 
correct variation of inductive reactance X, with 


frequency v? 
X, 


(b) 


о 


(4) 


x, 
B. p 
X, X, 
(c) | | № 
v 


v 


15. A 44 mH inductor is connected to 220 V, 
50 Hz ac supply. The rms value of the current 
in the circuit is 

(а) 12.8 A (b) 13.6 А 

(с) 15.9 А (d) 19.5 А 


16. The output of а step-down transformer 
is measured to be 24 V when connected to a 
12 watt light bulb. The value of the peak current is 


1 
(a) Б^ (b) БА 
(с) 2A (d) 242A 
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17. Which of the following combinations should 
be selected for better tuning of an LCR circuit 
used for communication? 

(a) R=20Q9,L - 1.5 H, C = 35 uF 

(b) R = 25 Q, L = 2.5 H, C = 45 uP 

(с) R= 15Q, L = 3.5 Н, C = 30 uF 

(d) R = 25Q, L = 1.5 H, С = 45 uF 

18. A 20 pF capacitor is connected to a 150 V 
60 Hz ac supply. The rms value of current in the 
circuit is 

(a) 17A (b) 17А 

(c) 1.7mA (d) 2.7A 


19. The rms value of current in an ac circuit is 
25 A, then peak current is 

(a) 35.36 mA (b) 35.36 A 

(c) 3.536 A (d) 49.38 A 


20. The resonant frequency of a series LCR 
circuit with L = 2.0 H, C = 32 pF and R = 10 Q is 
(a) 20 Hz (b) 30 Hz 
(c) 40 Hz (d) 50 Hz 


21. A 60 uF capacitor is connected to a 110 V 
(rms), 60 Hz ac supply. The rms value of current 
in the circuit is 

(a) 149A (b) 149A 

(с) 2.49 А (d) 24.9 A 


22. When a voltage measuring device is 

connected to ac mains, the meter shows the 

steady input voltage of 220 V. This means 

(a) input voltage cannot be ac voltage, but a dc 
voltage 

(b) maximum input voltage is 220 V 

(c) the meter reads not V but «V?» and is 
calibrated to read J« V? >. 


(d) the pointer of the meter is stuck by some 
mechanical defect. 
23. In series LCR circuit, the phase angle 
between supply voltage and current is 
X,-X. R 
Ss tan = ———— 
R а у 


= X, +X, 
(c) né ruit, (d) дое 


(а) їапф = 


24. A series LCR circuit with R = 22 О, 
L=1.5 Hand C = 40 pF is connected to a variable 
frequency 220 V ac supply. When the frequency 
of the supply equals the natural frequency of the 
circuit, what is the average power transferred 
to the circuit in one complete cycle? 


(a) 2000 W (b) 2200 W 
(c) 2400 W (d) 2500 W 
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25. 


of elements in series, the current increases оп ` 


In an alternating current circuit consisting 


increasing the frequency of supply. Which of the 


following elements are likely to constitute the 
circuit? 


{a) 
(b) 
(c) 
(d) 


26. 


Only resistor. 

Resistor and an inductor. 
Resistor and a capacitor. 
Only an inductor. 


When an ac voltage of 220 V is applied to 


the capacitor C, then 


(a) 
(b) 


(c) 
(d) 


27. 
(a) 
(b) 
(c) 
(d) 


28. 


the maximum voltage between plates is 220 V 
the current is in phase with the applied 
voltage 

the charge on the plate is not in phase with 
the applied voltage 

the current developed leads the applied 
voltage by a phase angle of 90°. 

The LC parallel resonant circuit 

has a very high impedance 

has a very high current 

acts as resistance of very low value 

has zero impedance 


A capacitor and an inductance coil are 


connected in separate AC circuits with a bulb 
glowing in both the circuits. The bulb glows 
more brightly when 


(a) 
(b) 
(c) 
(d) 


29. 


an iron rod is introduced into the inductance 
coil 

the number of turns in the inductance coil 
is increased 

separation between the plates of the 
capacitor is increased. 

a dielectric is introduced into the gap 
between the plates of the capacitor. 


Quantity that remains unchanged in a 


transformer is 


(a) 
(b) 
(c) 
(d) 
30. 


voltage 
current 
frequency 
none of these. 


Which of the following graphs represents 


the correct variation of capacitive reactance Хо 
with frequency v ? 


(a) 


Xc 
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1 
Xe Xe і 


(c) (d) 


v 
31. The loss of energy in the form or һе № 
iron core of a transformer is at in the 
(a) iron loss 
(b) copper loss 
(c) mechanical loss 
(d) none of these 


32. An alternating current generator h 
internal resistance R, and an interna] 
X,. It is used to supply power to a Passive |, 
consisting of a resistance R, anda Teactance y^ 
For maximum power to be delivered L 
generator to the load, the value of X, 
equal to 

(a) zero (b) X a 


(с) -X, (à) R, 


33. An inductor of reactance 1 Q and a г, 
of 2 Q are connected in series to the te: 
of a 6 V (rms) ac source. The average 
the circuit is 

(a) 8W (b) 12 W 

(c) 14.4W (d) 18 W 

34. A charged 30 pF capacitor is connected toa 
27 mH inductor. The angular frequency of free 
oscillations of the circuit is 

(a) 1.1 x 10% rad вг! 

(b) 2.1 x 10? rad s! 


(c) 3.1 x 10? rad s! 

(d) 4.1 х 10? rad s! 

35. The Q factor of a series LCR circuit with 
L = 2 H, C = 32 pF and R = 10 Q is 

(a) 15 (b) 20 

(c) 25 (d) 30 


88a 
ц 
Teactang, 


esistor 
Tminals 
Power in 


36. The natural frequency of the circuit shown | 


in figure is 


from the | 
should jy | 


ting Current 

made up of a resistance 10 

01 H. An alternating voltage 

is connected, then the phase 
the current and the voltage 


Ы) un 人 (下 


9 an*(5) 


urce of voltage V = V,sin100¢ 
38. When patina acircuit, the phase difference 
is um he voltage V and current J in the circuit 
betwee ed to be 7/4, as shown in figure. If the 
is obse consists possibly only of RC or RL or LC 
шаа find possible values of two elements. 
ins , 


cuit i8 
tance 0. 


м 


KA) and KV) — 


() R= 1kQ, 
(d) R=10kQ,L= 10 mH 
39. In the series LCR circuit shown, the 
impedance is 
L R 
1H 20pF 3009 


sov, 50 Hz 
(a) 200 Q (b) 100 Q 
(с) 300 Q (d) 500 Q 
40. In a series LCR circuit, the plot of I,, versus 


о is shown in the figure. The bandwidth of this 


plot will be 


t 10 


WA 05 


05 LO 1.5 20 
€ (rad s!) 
(b) 0.1 rad s^! 
(d) 0.4 rad s! 


(a) zero 
(c) 0.2 rad s! 


41. The line that draws power supply to your 


house from street has 
(a). 22042 V average voltage. 
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(b) 220 V average voltage. 

(c) voltage and current out of phase by 7/2. 

(d) voltage and current possibly differing in 
x 

Fi 

42. An alternating current of rms value 10 A is 
passed through a 12 Q resistor. The maximum 
potential difference across the resistor is 

(a) 20V (b) 90 V 

(c) 169.68 V (d) none of these 


43. 200 V ac source is fed to series LCR circuit 
having X; = 50 О, Хе = 50 Q and R = 25 Q. 
Potential drop across the inductor is 

(a) 100 V (b) 200 V 

(c) 400 V (d) 10 V 


44. A 100 uF capacitor in series with a 40 Q 
resistor is connected to a 100 V, 60 Hz supply. 
The maximum current in the circuit is 

(a) 2.65 A (b 2.75 А 

(с) 2.85 А (d) 2.95 A 


45. The rms value of potential difference V 
shown in the figure is 


phase 6 such that |Ф1< 


46. In the circuit shown in figure, what will be 
the reading of the voltmeter? 


(a) 300 V (b) 900 V 

(c) 200 V (d) 400 V 

47. A transformer is used to light 140 W, 24 V 
lamp from a 240 V ac mains. If the main current 
is 0.7 A, the efficiency of the transformer is 
(a) 63.8% (b) 7496 

(c) 83.3% (d) 48% 


48. The 220 V AC line voltage that we receive 
in our homes is 
(a) rms value 

(c) average value 


(b) peak value 
(d) none of these 
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49. An i 

bc op nating current in a circuit is given 

ete in (100 л: + 0.05z) A. The rms value 

УЗО А requency of current respectively are 

ee 2nd 100 Hz (b) 10 A and 50 Hz 
2А and S0 Hz (d) 10V2A and 100 Hz 


50. A b i 

Rae sin gd resistance 280 Q is supplied with 

pes supply. What is peak current? 

i "n." d 1A fb) Nearly 2A 
Nearly 1.4 A (d) Nearly 2.8 A 


51. A capacitor of i 

s авур: capacity C has reactance X. If 
tise era nee and оре become double, 
(а) 4x (bj X 


2 
X 
(cj a (d) 2x 
кан үре» the frequency of the AC voltage 
а quien е series LCR circuit is gradually 
increased from а I. i 
таф б ow value, the impedance of 
(a) monotonically increases 
(b) first increases and then decreases 
(c) first decreases and then increases 
fd) monotonically decreases 


53. A series LCR circuit is connected to an AC 
source and is showing resonance. Then 

(а) Ур = 0 (b) V, = Vs 

(c) Ус= V, (d) V, = Ve 

54. Ап LCR circuit contains R = 500,L- 1 mH and 
C = 0.1 uF. The impedance of the circuit will be 
minimum for a frequency of 


fa) 10 н. 
2x 
(c) 2x x 10° Hz (d) 2x x 10° Hz 


55. A 50 volt AC is applied across an RC (series) 
network. The rms voltage across the resistance is 
40 volt, then the potential across the capacitance 
would be 

(a) 10У (b) 20V 

(c) 30 V (d) 40V 


Z3 Case Based MCQs 


Case I : Read the passage given below and 
answer the following questions from 61 to 65. 

LC Circuit 

An LC circuit also called a resonant circuit, 
tank circuit or tuned circuit is an electric circuit 
consisting of an inductor represented by the letter 


wctG CBSE Board Term-I Physics c, 
0. 


$6. The turn ratio of a transformer n 
electrolytic DC cell of emf 2 volt ia con 2.4, 
its primary. The output voltage is Decteq ts 
(a) 2V (b) OV 
(c) 1V (d) 3V 


57. In step-up transformer, relation 
number of turns in primary (№) and n 
turns in secondary (N5) coils is 

(a) №; is greater than Np 

(b) Nr is greater than №; 

(c) N,is equal to Np 

(d) Np = 2%; 

58. A charged capacitor C = 30 uF is co 
to an inductor L — 27 mH. The angular Fretted 
of their oscillations is “quency 
(a) 9.1 x 10? (b) 3.0 x 10? 

(c) 1.1 x 10? (d) 0.3 x 10° 


59. The resonance frequency of the tank cire; 
z 10 Cuit 
of an oscillator when L=— mH Е 
2 and C = 0.04 uP 


are connected in parallel is 

(a) 250 kHz (b) 25 kHz 

(c) 2.5 kHz (d) 25 MHz 

60. Out of the following graphs, which 
graph shows the correct relation (graphical 
representation) for LC parallel resonant circuit? 


ія 1. 


between 
umber of 


Impedance 


min, 


e| Current 


el B Current 


(b) (2) 
(d) (4) 


L and a capacitor, represented by the letter C 
connected together. An LC circuit is an idealized 
model since it assumes there is no dissipation of 
energy due to resistance. 

An LC circuit contains a 20 mH inductor and ғ 
50 pF capacitor with an initial charge of 10 mC. 


at of the circuit is negligible. Let the 
Е: f is closed be t = 0. 
í 


stored initially is 
(b) 3J 
(d) 1J 


frequency of the circuit is 
(b) 200.12 Hz 
(d) 95 Hz 


64 At what time is the energy stored completely 


magnetic? 
тт T 
(а) 7. 2° 4 
(с) 0,27, ЗТ 
65. The value of Xis 
(a) 20 Q (b) 402 
(c) 602 (d) 50 Q 
Case II : Read the passage given below and 
answer the following questions from 66 to 70. 
AC Voltage Applied to an Inductor 
Let a source of alternating e.m.f. E = Еџѕіпоѓ 
be connected to a circuit containing a pure 
inductance L. If I is the value of instantaneous 


current in the circuit, then I= Tọ (о 一 z) 


The inductive reactance limits the current in a 
purely inductive circuit and is given by X, = oL. 
L 


66. А 100 hertz a.c. is flowing in a 14 mH coil. 
The reactance is 
(a) 15 Q 
(с) 8.8 Q 


(b 7.5 Q 
(d) 10Q 


119 


67. Ina pure inductive circuit, resistance to the 
flow of current is offered by 

resistor 

) inductor 

capacitor 

resistor and inductor- 
68. In a inductive circuit, by what value of 
phase angle does alternating current lags behind 
e.m.f.? 
(a) 45* (b) 90* 
(c) 120° (d) 75° 
69. How much inductance should be connected 
to 200 V, 50 Hz ac- supply so that a maximum 
current of 0.9 A flows through it? 
(a) 5H (D 1H 
(с) 10H (d) 4.5H 
70. The maximum value of current when 
inductance of 2 H is connected to 150 volt, 
50 Hz supply is 
(a) 0.337 A (b) 0.721 A 
(с) 1.521 А (d) 2.522 А 
Case Ш : Read the passage given below and 
answer the following questions from 71 to 75. 
Transformer 
A transformer is essentially an a.c. device. 
It cannot work on d.c. It changes alternating 
voltages or currents. It does not affect the 
frequency of a.c. It is based on the phenomenon 
of mutual induction. A transformer essentially 
consists of two coils of insulated copper wire 
having different number of turns and wound 
on the same soft iron core. 
The number of turns in the primary and secondary 
coils of an ideal transformer are 2000 and 50 
respectively. The primary coil is connected to 
a main supply of 120 V and secondary coil is 
connected to a bulb of resistance 0.6 Q. 


71. The value of voltaze across the secondary 
coil is 

(a) 5V (b 2V 

(с) ЗУ (d) 10 V 

72. The value of current in the bulb is 

(a) 7А (b) 15A 

(с) ЗА (d) 5A 

73. The value of current in primary coil is 

(а) 0.125 A (b) 2.52A 

(c) 1.51A (d) 3.52 А 


Ог step-down volta 
voltages need Bes. 
and factories. 
A small town with 

a demand of | 
Power at 220 V is si nd of 800 kW of electric 
electric plant gene 


Corc 


76. The value of total resistance of the wires is 
(a) 25 о (b) 302 

(c) 35 о (d) 150 

77. The line power loss іп the form of heat is 
(a) 550kW (b) 650 kW 

(c) 600 kW (d) 700 kW 

78. How much power must the plant supply, 
assuming there is negligible power loss due to 
leakage? 

(a) 600 kW (b) 1600 kW 

(c) 500 W (d) 1400 kW 

79. The voltage drop in the power line is 

(a) 1700 V (b) 3000 V 

(c) 2000 V (d) 2800 V 

80. The total value of voltage transmitted from 
the plant is 
(a) 500 V 
(c) 3000 V 


(b) 4000 V 
(d) 7000 V 
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55. 
Case V : Read the Passage given 12 


answer the following questions from 
LCR Circuit 
When a pure resistance R, pure indy 
an ideal capacitor of capacitance Ci 
in series to a source of alternating e 
current at any instant through the three el 
has the same amplitude and ig reprene 
1 = 1,sinwt. However, voltage acrogg ea, елед 
has a different phase relations 
current as shown in graph. 
The effective resistance of RLC Circuit j 
impedance (Z) of the circuit and the volta 
the current by a phase angle 9. 

Y: 


below, |. 
81 to нра" 


аң 
nt 


he 


B ch eleme 
hip with t 


3 Calleg 
ge leag, 


A resistor of 12 Q, a capacitor of Teactan, 
14 О and a pure inductor of inductance 0.1H >. 
joined in series and placed across 200 V, 50 Hz 
a.c. supply. 

81. The value of inductive reactance is 

(a) 152 (b) 3140 

(c) 200 (d) зоо 

82. The value of impedance is 

(a) 200 (b) 150 

(c) 300 (d) 21.13 Q 

83. What is the value of current in the circuit? 
(a) 5A (b) 15A 

(с) 10A (d) 9.46 A 

84. What is the value of the phase angle between 
current and voltage? 

(a) 53*9' (b) 63*9" 

(c) 55*4' (d) 50° 

85. From graph, which one is true from 
following? 
(a) V; 2 Vc 
(c) V; » Vc 


(b) V, « Vc 
(8) V, = Vc 


дйеләїйд Current 
2 Asse 


jon number: 

prep correct answe 

Both A and К 

Both А and Н аге true but 
Ais true but R is false 

js false and R is also false И 

ion (А) : Long distance transmission 

a6, Ase carried out at extremely high voltage. 

of ALY 


i E has 
R) : For large distance, voltage 
Reason C 


Зи 1 cted 
Assertion (A) : An electric amp conne 

87. ЕВ a variable capacitor and A.C. 

in ser its brightness increases with increase 

source, 

in capacitance. 

Reason (В): 

with increase 

88. Assertion (A) : А transformer cannot work 
| D.C. supply. Е . 

eris (В) : D.C. changes neither in magnitude 

nor in direction. 

89. Assertion (A) : Step-down transformer 

increases the current. 

Reason (R) : Transformer obeys the law of 

conservation of energy. 


Capacitive reactance decreases 
in capacitance of capacitor. 


90. Assertion (A) : Soft iron is used as a core 
of transformer. 
Reason (R) : Area of hysteresis loop for soft 
iron is small. 
91. Assertion (A) : The core of transformer is 
made laminated in order to increase the eddy 
currents. 
Reason (R) : The sensitivity of transformer 
increases with increase in the eddy currents. 
92. Assertion (A) : The alternating current 
lags behind the e.m.f. by a phase angle of 1/2, 
when A.C. flows through an inductor. 
Reason (R) : The inductive reactance increases 
as the frequency of А.С. source decreases. 
93. Assertion (A) : Capacitor serves as a block 
for D.C. and offers an easy path to AC. 
Reason (R) : Capacitive reactance is inversely 
Proportional to frequency. 
94. Assertion (A) : When capacitive reactance 
18 smaller than the inductive reactance in LCR 
Series i 

circuit, e-m f. leads the current. 


rtion & Reasoning Based MCQs 
in a j abelied Reason (В). 
100, two statements are given-one labelled Assertion (А) and the other la 
и questions from the codes (а), (b), (c) and (d) as given below. 


i jon of A 
re true and R is the correct explanation f 
ie R is NOT the correct explanation of A 


Reason (R) : The phase angle is the angle 
between the alternating e.m.f. and alternating 
current of the circuit. 


95. Assertion (A) : At resonance, LCR series 
circuit have a maximum current. 

Reason (Н) : At resonance, in LCR series 
circuit, the current and e.m.f are in phase with 
each other. 

96. Assertion (A) : A bulb connected in series 
with a solenoid is connected to A.C. source. If a 
soft iron core is introduced in the solenoid, the 
bulb will glow brighter. 

Reason (R) : On introducing soft iron core in 
the solenoid, the inductance decreases. 


97. Assertion (A) : An electric heater is heated 
first by direct and then by alternating currents. 
For both the currents, the potential difference 
across the ends of the heater is the same. The rate 
of production of heat will be different in two cases. 
Reason (R) : The resistance of a coil in 
alternating current will be more than the 
resistance of a coil in direct current, hence heat 
produced in case of direct current will be low. 


98. Assertion (A) : An alternating current 
shows magnetic effect. 

Reason (R) : Magnitude of alternating current 
varies with time. 


99. Assertion (A) : We use a thick wire in the 
secondary coil of a step down transformer to 
reduce the production of heat. 

Reason (R) : When the plane of the armature 
is parallel to the line of force of magnetic field, 
the magnitude of induced e.m.f. is maximum. 


100.Assertion (A) : An inductance and a 
resistance are connected in series with an 
AC. circuit. In this circuit the current and the 
potential difference across the resistance lags 
behind potential difference across the inductance 
by an angle z/2. 

Reason (R) : In L-R circuit voltage leads the 
current by phase angle which depends on the 
value of inductance and resistance both. 
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1. (c): Here, P 
А f , P= 100 
Resistance of the bulb Ai Ve = 220V 


y? 2 
К = м. (220) _ 
Р Too = 484 9 


2. (9) : Com А 
= раге М = 1 : 
V = Vosinwt, we get Рози 1500 with 


Vo = 150% 


Compare / = 150sin{ 150r +2) with 


1 = hsin(wt + $), we get 1; = 150 А 


Apparent power, 


P= Valere = 2 Vol = 2% 150 x 150 


rms rms = 3 2 


-11250W 
3. (Ь): Іл an inductor voltage leads the current by E or 
2 


current lags the voltage by T 


4. (c): Неге, L = 30 mH = 30 x 10? Н 
Vimy = 220 V, = 100 Hz 

inductive reactance, 

X, = 2nuL 

= 2 х 3.14 x 100 x 30 x 10? = 18.85 Q 


5. (а): А5 a? 2 Loro - 
m Jc 


Maximum energy stored in capacitor =} = 

Let at any instant t, the energy be stored equally between 
electric and magnetic field. Then energy stored in electric field 
at instant f is 


11105 


2C 


or о-9% ог Qy coset = Fe 
n ny LC 
or о ог ^30 ^ axü/ Ло 4 
6. (d):Impedance of the circuit, 


Z= |n eoa, - Хе)? 


At resonance, X, = Xc 


т x 


L^ 

r3 
7. (с) : Inthe pure resistive circu 
are in phase. Hence graph (с) is correct. 


8. (a) 
9, (d): Неге, R = 0.2 kQ = 200 2 


C= 15 pF = 15 х 10°F 


it current and voltage both 


Мт; = 220 V, v = 50 Нг 


Capacitive reactance, Х,. = \ 


2roC 


1 
4 
2x314xsoxisxio* “2129 


The impedance of the RC circuit is 


2 =}/к'+хї 
= ¥(200)? + (212)? =291.5 0 


10. (а): Here, R = 6 ©, = 25 mH = 25 x 10° н 
C = 750 pF = 750 x 10 5F, v = 50 Hz 
X, = 210L = 2 х 3.14 x 50 x 25 x 103 = 7.85 Q 
1 1 | 


= mC ~ 2x3.14x50x750x10* = 425 Q 


л XL - Xe = 7.85 – 4.25 = 3.62 
Impedence of the series LCR circuit is 


z- dg? «o - хс 
s- Z= бу +3.67 = 4/36+12.96= 7.00 


11. (b): As the rod is inserted, inductance increases and 
hence the voltage across inductor increases. This causes a 
drop in the voltage across the bulb and hence it gets dimmer. 
12. (9): Неге, L = 30 mH = 30 x 10? H, А = 89, 
v, = 50 Hz 

As о, = 27v, = 2 x 3.14 x 50 = 314 Hz 


-3 
-Quality factor, о= = 31430510 = 1.18 


' 


X, 


13. (b): The equation of alternating voltage is 
Vit) = Vm sinwt 

44. (b): Inductive reactance, X, = wl = 2TUL 

=> Хуе о 

Hence, inductive reactance increases linearly with frequency. 

15. (с): Here, L = 44 mH = 44 x 103 H 
Vms = 220 V, v = 50 Hz 

The inductive reactance is 

X, = oL = 2noL = 2 x 3.14 х 50 х 44 x 1 


Yom 2220 159A 


Im = ye 1382 
16. (a): Неге, V, = 24У Р, = 12W 


073 = 13.822 


1. = 号 = 卫 =05A 
Y, 24 


" 


1,742 1, = 42 х0.5 = 万 A 


t used for 


CR circui 
of an L alíty factor 


in t 
tter tuning uld possess high qu 


it sho 


Ј E should be high. 
ad be low, С should be high and C should be 
{ое combination in option d я correct. 
48. (b): Here, C = 30 uF = 30 x 1 
Vins 2 150 V, v = 60 Hz 


reactance 


Capaci ve i 
aE 
== 3x3.4x60x30x10* 


Xe" с 2ruC 


= 88.46 2 


= 125 rad s^ 


Or _ 


= 2, = 一 一 一 一 二 


ron 2x3.14 
21. (Q : Here, C = 60 BF = 60 x 106 Е 
Vms = 110 V, v = 60 Hz 
V, Vs 


L.=@= 


m =X тупо 
= 2лоС Мт; 
=2x 3.14 x 60 x 60 x 10° x 110 = 2.49 A 


22. (c) : The voltmeter connected to ac mains is calibrated 
to read root mean square value or virtual value of ac voltage. 


23. (a) 
24. (b): When the frequency of the supply equals to the 
natural frequency of circuit, resonance occurs. 


Average power transferred per cycle, 


R 
P= Ving hms у = 220 х 10x 1 = 2200W 
1 1 


25. (c) : Reactance of a capacitor, Xec= -一 = -一 一 
e 2nvuC 


s faquency increases, Xc decreases and therefore current 
frases As R does not vary with frequency, therefore, likely 
ents constituting the circuit may be capacitor and resistor. 


26. (d): When an ac voltage of 220V is applied to a capacitor 


C, the charge ie j У 
voltage. ge on the plates is in phase with the applied 


123 


As the circuit is pure capacitive so, the 
leads the applied voltage by a phase angle of 90°. op 
27. (a): The LC parallel resonant circuit has а very hig 


impedance, hence a very low current. 


28. (d) 


29. (0:^ transformer does not change the frequency of 


ac. 


30. (с): Capacitive reactance, Xe 


1 
=> Хс° 5 
With increase in frequency, Xc decreases. 


Hence, option (c) re 
energy loss in the form 


31. (а) : Iron loss is the 1 є 
due to the formation of eddy currents in the iron cor 


transformer. 
32. (с) : For maximum power t 
generator to the load, the total reactance 


іе, X, + XQ 7 0 or X, =X 
33. (с): Here, X, = 1 Q, R=2 Q, Ving 76V 


Impedance of the circuit 


z-JXi + R= Чаў) = 5а 
6 


y, 
二 一 mm = A 
272 YS 


of heat 
e of the 


o be delivered from the 
must vanish. 


Average power, Р = Ving [Ж 


=6х-бо = gaia 
34. (a): Неге, C = 30 mF = 30 x 10-6 Е 


L227 тн = 27 x 10? Н 
1 1 


= Tie ~ Jatxio™xs0xi0* 81x10" 


4 
s1% =1.1x10 rad 57 
35. (c) : Here, L = 2 H, C = 32 pF = 32 х 1076 F, 


R=10Q 


. 1 I 
-. Resonance frequency, o, = VIC - 
"ЛС J2x32x10* 


10° 
=— rads” 


8 
Quality factor = 


@,L_10°x2_ 
R  8xl0 _ 

36. e In the given circuit, two capacitors are in series and 

so are the two inductors. So, their equivalent i 

s . So, capacit 

inductance are j ees 


25 
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From figure, 


E 53. (d): At resonance, voltage across inductor = 
7. The natural frequency of the circuit is Band width Aw = 12-08 = 04 rad s^ T /7 (r2 2v 1 Y across capacitor ie., V, = Vo "Era 
A1. (d): As the line has some resistance (R # 0), voltage [Pa ] rias J (Ode 


1 1 1 ; . 
pem ccm = а = 0 T2 54. (a): The impedance of the LCR circuit wal be minimum 
Р 2= a(S) and current differ in phase such that Ie 


for a resonant frequency у, 
= 10А, А = 12 0 elit 
42. (0) : Неге, ы pera 
37. (a): tng =(% mum current In = V2 = V200) =10/3 А | 
х= ol = PEE. oai =л0 im дема, difference is V,, = І.Е Here L- 1 mH = 1x10? H, C=0.1 pF =0.1 x 19 5F 
Ais, R=1Q = 10/2 x12 = 169.68 V 
$ = tan" (x) 


Nor 1 РА 
^9, ee = 
= 10°HX0.1x10fF) 2z 
: Here, Ул» = 200 V 224015 
. (a): given in the question shows that curent 43. (9 = 
uia ү есе X, 2500, X, = 50 0, R^ 250 


ides 55. (): y. =} VE 2 s0= 497 yl 
Чой can be RC Grauit alone Impedance of the бгой, 46. (д: Here, V, = Ур= 100V, V=200¥ PRPs os Жыр did: 
(- x-4) z- [i «a - Xa - ^5 «60-50 =250 740 +76 тэ YO 4? = 900 
- Tec. = 


As V 2 i+, КЎ Ve-30V 
Current in the circuit, 


= 200- V2 100 -100y =V, 56. (b) 
Ims = : _ бу = 
voltage фор айо the inductor is or Vg 


58. (с): Here, С = 30 uF = 30 x 10% € 
z : ег = 140W , 
Vp = lags o 8A 50 9^ QUE йе 240 x 0.1 = 168 W br Talis ax Wy 
e 6 р 1-5 ~ Е 
44. (d): Here, C = 100 pF = 100 x 10? F = у“ Efficiency = HPU powerx100 _ 140, 008335; 
В= 400, fficiency input power ~ 168 * ° 
V_.=100V, v= 60 Hz " one 
ms ч 48. (a): The 220 V, ac line voltage that we receive in our 
у, = V2 V. - 10042 V homes is an rms value. 
Сд, uF In series RC circuit, 49. (с) : Given, J = 20 sin(100z: + 0.057) А 
=——=10°F=10 
10° 


| fi 
1 Comparing with standard equation, we get 59. (b): f =— J— -25x10 Hz 
Z= [R+ xè = (0+ Ig 20 A and w= 100r rad s! ?x VLC 
39. (d): Here, L = 1H, C= 20 pF = 20 x 105 F Hd 


v, 


~ СЕ 
From V = V, sin100t, we get 


The angular frequency, @ = = 1 


1 
vic 27x10? х30х10% 


1 
= =1L1x10 гй 5! 
9x107 E 


х 60. (d): At parallel resonance, L and C are connected in 
Em p parallel combination and current is minimum. 
R=300, v=% Now о = 100r, 27v = 100r, v = 50 Hz 1Q (0x10? 
The ndidve nator 50. (a): Here, R=2809, У, - 200V 61. (d): Energy, Fo M hart 
X, 22zul -2xxx P 1-100 Peak voltage, V, = V ms V2 = 200 V2 ў 
The capacitive reactance is 


1] 


1 
62. (a): Frequeng, v= 
1 Peak current, I =¥ = 2002 V 
X=. ————— 25800 
2х0 50 29x10 


4*6 =1A 2xVLC 
2xxx-rx 


The impedance of the series LCR droit is 
Ze R+ Xc- X 


m 


= „(3007 + (500 - 10077 


= Von! + (400? = 5000 


40. (d): Bandwidth is the frequency range at which current 


V=Olor 5 <tsT 


52. (c) : From the graph, we concluded that with the increase 
in frequency, the current increases, attains a maximum value 
(/=f,) and then decreases. It implies that the impedance first 


decreases, becomes minimum for maximum value of current 
and then increases. 


Low Z 


t 
1 


x10? x 50x10 $ 


З 1 1 
63. (d): Total time period, T2 —— — — = 6.28 
(9 15924 Р 

Total charge on capacitor at бте t, 07-002, 
For energy stored is electrical, we can write Q' = + Q. 
Hence, energy stored in the capacitor is completely electrical 
at, keit T. ЗГ 

rer аы 
64. (d): Magnetic energy is maximum when electrical 
energy is equal to zero. 


65. (а): X, = al = 2xvl = 2 x 3.14 x 159.24 x 20 x 102 
ә Х,= 200 


126 


66. (c) : Inductive reactance, 3 
X, = aL = 2701 = 2л x 100 x 14 x 107 
X, =88Q 


67. (b) 


т 
68. (b): In an inductor voltage leads the current by 7” 


Current lags the voltage by H 
69. (b): The current in the inductor coil is given by 
po B lá ak, 
д Xr 2л01 


1414x200 — 
~ 2x3.14x50x0.39 


70. (a): Inductive reactance, 
XL = ol = 2mvl = 2 x 3.14 x 50 x 2 = 628 Q 


- 5-5 02150 aA 
1 


71. (ias Е 


Ep Р 


> E 


I =Ë x1, =-3_x5=0125A 
Р E, 120 


(d) : Power in primary, Р, l, = 120 x 0.125 


= 15 
(a) : Power in secondary coil, P, = E 


1 
(d) : Resistance of the two wire lines carrying power = 
0.5 Q/km 


Total resistance = (15 + 15)0.5 = 15 Q 
77. (c) : Line power 1055 = PR 
RMS current in the coil, 


р 800x10 


了 = 一 = 


V, 4000 
-. Power loss = (200)? x 15 = 600 kW 


78. (d): Assuming that the power loss is negligible due to 
the leakage of the current. 
The total power supplied by the plant 

= 800 kW + 600 kW = 1400 kW 


79. (b): Voltage drop іп the power line = /R 
= 200 x 15 = 3000V 


=200A 
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: Total voltage transmitted from the plant 
dt pe V + 4000 V = 7000 V 


81. (b): Given : R = 12 Q, Xç = 14Q,L=01H 
x = ol = Invl = 2 x 3.14 x 50x 0.1 = 3140 
Le 


82. (d): Impedance, Z = [f «o - x 


Xj-Xc 314-14 
84. (c): апф= — 7773 


ф = tan (145) = 55°4’ 
85. (0) 


86. (с) : The transmission is done at high voltage due to 
which current through the wire is reduced. By reduction in 
current corresponding dissipation of energy is also Teduced 
(as H œ PR). If transmission is done at low Voltage then 
we have to use thick wire in order to reduce the dissipation 
of energy. This increase the cost of transmission lines Wires, 
In order to reduce both energy dissipation and cost of 
transmission wire, transmission is done at high voltage by 
using step-up transformers. 


=1.45 


1 ў 
87. (a): Capacitive reactance XC= pu .When capacitance 


C increases, the capacitive reactance decreases, Due to 
decrease in its values, the current in the circuit will increase 


I= E and hence brightness of source (or electric 


lamp) will also increases. 


88. (a): Transformer works on the principle of mutual 
induction i.e., if two coils are inductively coupled and when 
current or magnetic flux is changed through one of the two 
coils, then induced e.m.f. is produced in the other coil. So 
whenever there is change in current or magnetic flux, only 
then e.m.f. is induced. But in case of D.C. current or voltage, 
em f. is not induced because it remain constant throughout 
and never changes its direction and magnitude. Therefore 
transformer cannot work when D.C. is applied, 


89. (b): If there is no loss of energy in transformer, then 
instantaneous output power is equal to instantaneous input 

1 } 
power. From this we get 2. = -2., | 

ер 1, \ | 

50 in step up transformer voltage increases by чыи 
the current, Similarly, step-down transformer decreases | 
Voltage by increasing current. Therefore transformer simp! 


l | 
transforms the voltage and current, obeying the law 0 
Conservation of energy, 


Alternating Current 


ing current flowing through the coils, 
d Teramo the iron core again and again 
jp wh cycles. During each cycle of magnetisation, 
v pe is lost due to hysteresis, the energy lost during 
some rf gnetisation being equal to area of hysteresis 
н ath magnitude). Energy loss can be reduce by selecting 
КЕР ied core, which has narrow hysteresis loop, that is 
why soft iron core is used. 


91. (d): Eddy current is produced in the iron core due to 
induced e.m.f. Since resistance of the iron core is quite small, 
the magnitude of eddy currents is quite large. Asa result, 
large amount of heat is produced. To avoid it, a laminated 
core is used in a transformer. In laminated core iron Stripes 
are quite thin and each strip possesses very large resistance, 
the magnitude of eddy currents produced is quite small and 
hence only a small amount of heat is produced. 

92. (c) : When pure inductor is connected to source of an 
alternating emf, then instantaneous value of alternating emf is 
given by E = Ey sinwt, and corresponding alternating current 
is given by / = josin(ot — 7/2). From these two equations, it 


follows that alternating current lags behind e.m.f. by a phase 
angle of 7/2. The inductive reactance, 


X, = 9L = 2nfL, so when frequency increases correspondingly 
inductive reactance also increases, 


capacitor is given by 
1 1 


So this is infinite for D.C. (f = 0) and has a finite value for 
A.C. Therefore a capacitor blocks D.C. and offers an easy 
path for A.C. 
94. (b): The phase angle for the LCR series circuit is 
by tano = Xr -Xc | aL-loC 

R R 
Where Xu X, are inductive reactance and Capacitive reactance 
respectively, When X, > Хо then tang is positive i.e. Ө is 
Positive (between 0 and 7/2). Hence emf leads the current. 


given 


95. (b): At resonance X, = Xc or wl = 


ae Because 
Of this impedance of LCR series circuit be 


oC 
come equal to 


resistance of circuit | Z = YR? +(X, ХС) |. Therefore 


from J = H = $ ‘ах resonance, current in LCR series circuit is 


127 


maximum. Correspondingly phase angle is also equal to zero. 
Therefore emf and current are in phase in LCR series circuit. 


96. (d): On introducing soft iron core, the bulb will glow 
dimmer. This is because on introducing soft iron core in the 
solenoid, its inductance L increases, the inductive seactance, 


X, = wl increases and hence the current through the bulb 
decreases. 


97. (a): The element of the heater is in the form of a coil 50 
that it has inductance L also besides the resistance R. So, for 
the alternating current, the effective resistance of the heater 


would be JR? +(«L)* which is larger than the resistance 


R for the direct current. Hence on heating by alternating 
Current, heat produced per second would be less. 
(Н = VIR and V is same in both the cases). 


98. (b): Like direct current, an alternating current also 
produces magnetic field. But the magnitude and direction 
of the field goes on changing continuously with time. 


99. (b): А step-down transformer converts electrical energy 
from a high voltage to one at a low voltage. Accordingly- 
the current in the secondary will be larger than that in the 
primary. In order to produce less heat in the secondary, we 
use a wire of lesser resistance i.e. thick wire. We also know 
that when the plane of the armature is parallel to the lines 

of force of magnetic fieid, the rate of change of magnetic 

flux linked with it is maximum. Therefore ће emf induced 

in the armature in this orientation is maximum. 


100.(b) : As both the inductance and resistance are joined 
in series, hence current through both will be same. But 
in case of resistance, both the current and potential vary 
simultaneously, hence they are in same phase. While in case 
of an inductance when current is zero, potential difference 
across it is maximum and when current reaches maximum 
(at wt = m/2), potential difference across it becomes zero 
ie., potential difference leads the current by m/2 or current 
lags behind the potential difference by 2/2. Phase angle in 


-1f @L 
case of LR circuit is given as 9 = tan (=) 
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